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EDITOR'S PREFACE, 


Tur matter of this new American edition of Fresenius’ 
Manual of Qualitative Analysis, for the most part faithfully 
represents the last (fourteenth) German edition. The edftor 
has added a. few paragraphs, has condensed, altered, or re- 
written some others, and has expunged the scheme for tho 
“ Analysis of Simple Compounds,” after becoming convinced 
by experience that this omission not only greatly simplifies the 
analytical course, but really facilitates its mastery by the student. 

A series of very brief analytical tables has been appended 
to this edition. These tables are borrowed, with some changes, 
from Mr. Vacher’s English edition of 1869. No such tables, 
however elaborate, can take the place of Fresenius’ systematic 
course, in the real work of the careful analyst, but they may be 
made very serviceable to the beginner in enabling him to sur- 
vey his ground, as well as to the experienced chemist, when, 
being out of practice, he may need a brief outline of the order 
of operations to sharpen his memory. 

In form the book is quite changed by the use throughout of 
the language and notation of “modern chemistry,” a change 
called for by the universal adoption of the “ New System,” as 
well as by its inherent advantages. For the convenience of the 
student, various developed formule are given on page 42, and 
in numerous foot-notes. In these formule each dash, either 
horizontal, vertical or inclined, indicates a “bond” or unit of 


_ quantivalence, and implies chemical combination between the 


atoms or groupings whose symbols are thus connected. The + 
sign and period are used to express “molecular combination,” 
i.¢., combination not amenable to the usually received quanti. 
valences, as in case of crystal water. 
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PART I. 


Poti oOVUCTORY. 


PRELIMINARY REMARKS. 


AwnatyticaL chemistry is divided into two branches—vi:., 
qualitative analysis, which studies the nature and properties 
of the component parts of bodies; and quantitative analysis, 
which ascertains the guantity of every individual element 
present. The office of qualitative analysis is to exhibit the 
constituent parts of a substance of wnrknown composition in 
forms of known composition, from which the constitution of 
the body examined, and the presence of its several component 
elements, may be positively inferred. The efficiency of its 
method depends upon two conditions—viz., it must attain the 
object in view with unerring certainty, and in the most expe- 
ditions manner. The object of quantitative analysis, on the 
other hand, is to exhibit the elements revealed by the qualita- 
tive investigation in forms which will permit the most accurate 


® estimate of their weight, or to effect by other means the deter- 


mination of their quantity. 

The study of qualitative analysis must be pursued separately 
from that of quantitative analysis, and must naturally precede it. 

For a successful pursuit of qualitative investigations, it is 
absolutely indispensable that the student should possess some 
knowledge of the chemical elements, and of their most impor. 
tant combinations, as well as of the principles of chemistry in 
general ; and that he should combine with this knowledge some 


_ readiness in the apprehension of chemical processes. The prac- 


tical part of this science demands, moreover, strict order, great 


_ neatness, and a certain skill in manipulation. If the student 
_ joins to these qualifications the habit of invariably ascribing 
the failures with which he may happen to meet, to some error 
_ or defect in his operations, or, in other words, to the absence 


of some condition indispensable to the success of the experi- 


_ ment—and a firm reliance on the immutability of the laws of 
nature cannot fail to create this habit—he possesses a 
requisite to render his study of analytical chemistry successful. 


S 


2 PRELIMINARY REMARKS. 


Althougt chemical analysis is based on general chemistry, 
and cannot be cultivated without some knowledge of the latter, 
yet, on the other hand, we have to look upon it as one of the 
main pillars upon which the entire structure of the science 
rests; since it is of almost equal importance for all branches 
of theoretical as well as of practical chemistry. 

This consideration wou!d be sufficient reason to recommend 
a thorough study of this branch of science, even if its cultiva- 
tion lacked those attractions which it possesses for every one 
who devotes himself ardently to it. The mind is constantly 
striving for the attainment of truth; it delights in the solution 
of problems; and where do we meet with a greater variety of 
them, more or less difficult of solution, than in the province of 
chemistry ? but as a problem to which, after long poe 
we fail to discover the key, wearies and discourages the mind : 
so do chemical investigations, if the object in view be not at- 
tained—if the results do not bear the stamp of unerring cer- 
tainty. <A half-knowledge is, therefore, to be considered worse 
than no knowledge at all; and a superficial cultivation of 
chemical analysis is to be particularly guarded against. 

A qualitative investigation may be made with a twofold 
view—viz., either, Ist, to prove that a certain body is or is not 
contained in a substance, e.g. lead in wine; or, 2d, to ascertain 
all the constituents of a chemical compound or mixture. Any 
substance whatever may of course become the object of a chem- 
ical analysis. 

In this work, those bodies which are most important in 
practical chemistry, from their wide distribution and their uses 
in medicine and the arts, are treated of in full detail; while, to 
facilitate the beginner’s progress, the rarer elements are noticed 
more briefly, and in such a manner that they may be separately 
studied. 

The study of qualitative analysis is most properly divided 
into four principal parts—viz. : 


1. CuEMICAL OPERATIONS. 

9. REAGENTS AND THEIR USES. 

3. DEPORTMENT OF THE VARIOUS BODIES WITH REAGENTS. 
4, SYSTEMATIO COURSE OF QUALITATIVE ANALYSIS. 


It will be readily understood that the pursuit of chemical 
analysis requires practical skill and ability, as well as theoret- 
ical knowledge; and that mere speculative study can as little 
lead to success as purely empirical experiments. To attain the 
desired end, theory and practice must be judiciously combined. 


§§ 1, 2.] SOLUTION. 3 


SECTION I. 
OPERATIONS. 


ee 


Tue operations of analytical chemistry are essentially the 
same as those of synthetical chemistry, though modified to a 
certain extent to adapt them to the different object in view, and 
to the small quantities operated upon in analytical investiga- 
tions. 

The following are the principal operations in qualitative 
analysis. 


§ 2, 


1. Sotvrton. 


The term “solution,” in its widest sense, denotes the union 
of a body, whether gaseous, liquid, or solid, with a fluid, result- 


ing in a homogeneous liquid. When the substance dissolved 


is gaseous, the term “ absorption” ig more properly made use 
of ; and the solution of one fluid in another is more generally 
ealled a mixture. The term solution, in its more usual sense, 
means the union of a solid body with a liquid. 

A solution is the more readily effected the more minutely 
the body to be dissolved is divided. The fluid by means of 
which the solution is effected, is the solvent. We call the solu- 
tion chemical, where the solvent enters into chemical combina- 
tion with the substance dissolved; s¢mple, where no definite 
combination takes place. 

In a simple solution the dissolved body is supposed to exist 
in the free state, and to retain all its original properties, except 
those dependent on its form and cohesion; since it separates 
unaltered when the solvent is withdrawn. Common salt dis- 
solved in water is a familiar instance of a simple solution. 
The salt imparts its peculiar taste to the liquid. On evapo- 
rating the water, the salt is left behind in its original form. A 
simple solution is called saturated when the solvent contains 
all it can hold of the dissolved substance. But as fluids gener- 
ally dissolve larger quantities of a substance the higher their 


_ temperature, the term satwrated, as applied to simple solutions, 


is only relative, aud refers invariably to a certain temperature. 


_ As a general rule, elevation of temperature facilitates and ac- 
eelerates simple solution. This rule has but few exceptions. 


A chemical solution contains the dissolved substance not in 


4 OPERATIONS. [$§ 2. 


the same state nor possessed of the same properties as before; 
the dissolved body is intimately combined with the solvent, 
which latter also has lost its original properties; a new ‘sib- 
stance has thus been produced, and the solution, therefore, 
manifests the properties of this new substance. A: chem- 
ical solution also may be usually accelerated by elevation of tem- 
perature, since heat generally promotes the action of bodies 
upon each other. But the quantity of the dissolved body re- 
mains always the same in proportion toa given quantity of the 
solvent, the combining proportions of substances being invari- 
able, and independent of the gradations of temperature. 

The reason of this is, that in a chemical solution the solvent 
and the body upon which it acts, have, more or less, opposite 
properties, which tend to neutralize each other. Solution 
ceases as soon as this tendency is satisfied. The solution is in 
this case also said to be saturated, or, more properly, neutralized, 
and the point which denotes it to be so is termed the point of 
saturation or neutralization. 

The substances which produce chemical solutions are, in 
most cases, either acids or alkalies. With few exceptions, they 
have first to be converted to the fluid state by means of a sim- 
ple solvent. When the opposite properties of acid and base are 
mutually neutralized, and the new compound is formed, the 
actual transition to the fluid state will ensue only if the new 
compound possesses the property of forming a simple solution 
with the liquid present; e.g. when solution of acetic acid in 
water is brought into contact with lead oxide, there ensues, 
first, a chemical combination between the acid and the oxide, 
and then a simple solution of the new-formed lead acetate, in 
the water present. 

In pharmacy, solutions are often made in a mortar by tritu- 
rating the body to be dissolved with the solvent added gradu- 
ally in small quantities at a time; in chemical laboratories 
solutions are rarely made in this manner, but generally by di- 
gesting or heating the substance to be dissolved with the fluid 
in beaker-glasses, flasks, test-tubes, or capsules. In the prepa- 
ration of chemical solutions, the best way generally is to mix 
the body to be dissolved in the first place with water (or with 
whatever other indifferent fluid may happen to be used), and 
then gradually add the chemical agent. By this course of pro- 
ceeding a large excess of the latter is avoided, an over-energetic 
action guarded against, the process greatly facilitated, and com- 
plete solution ensured, which is a matter of some importance, 
as it will not seldom happen in chemical combinations that the 
product formed refuses to dissolve if an excess of the chemical 
solvent is present; in which case the molecules first formed of 
the new salt, being insoluble in the menstruum present, gather 
round and enclose the portion still unacted on, weakening 
thereby or preventing altogether further chemical action upon 
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them. Thus, for instance, Witherite (barium carbonate) dissolves 
readily when, after being reduced to powder, water is poured 
upon it, and hydrochloric acid gradually added; but it dissolves 
with difficulty and imperfectly when projected into a concen- 
trated solution of hydrochloric acid in water, for barium chlor- 
ide will indeed dissolve in water, but not in hydrochloric acid. 


CrYSTALLizATIoN and pReEcrriration are the reverse of solu- 
tion, since they have for their object the conversion of a fluid 
or dissolved substance to the solid state. As both generally 
depend on the same cause, viz., on the absence of a solvent, it 
is impossible to assign exact limits to either; in many cases 
they merge into one another. We must, however, consider 
them separately here, as they differ essentially in their extreme 
forms, and as the special objects which we purpose to attain by 
their application are generally very different. 


§ 3. 


9. ORYSTALLIZATION. 


We understand by the term crystallization, in a more general 
sense, every operation, or process, whereby bodies are made to 
pass from the fluid to the solid state, and to assume certain 
fixed, mathematically definable, regular forms. But as these 
forms, which we call crystals, are usually the more regular, and 
consequently the more perfect, the more slowly the operation 


is carried on, we commonly connect with the term “ crystalli- 


zation” the accessory idea of a slow separation—of a gradual 
conversion to the solid state. The formation of crystals de- 
ends on the regular arrangement of the constituent particles of 
dies (molecules); it can only take place, therefore, if these 
moleeules possess perfect freedom of motion, and thus, in gen- 
eral, only when a substance passes from the fluid er gaseous to 
the solid state. Those instances in which the mere ignition, or 
the softening or moistening of a solid body, suffices to make 
the tendency of the molecules to a regular arrangement (crys- 
tallization) prevail over the diminished force of cohesion—- 
such as, for instance, the turning white and opaque of mois- 
tened barley-sugar—are to be regarded as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous 
form of a substance inust be removed. These causes are either 
heat alone, ¢.g.,in the case of fused metals; or solvents alone, 
as in the case of an aqueous solution of common salt; or both 
combined, as in the case of a hot saturated solution of potas 
sium vitrate in water. In the first case we obtain crystals by 
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cooling the fused mass; in the second, by evaporating off the 
menstruum ; and in the third, by either of these means. The 
most frequently occurring case is that of crystallization by cool- 
ing hot saturated solutions. The liquors which remain after 
the separation of the crystals are called mother-liquors. The 
term amorphous is applied to such solid bodies as have no crys. 
talline form. 

We have recourse to crystallization generally either to obtain 
the crystallized substance in a solid form, or to separate it from 
other substances dissolved in the same menstruum. In many 
cases also the form of the crystals or their deportment in the air, 
viz. whether they remain unaltered or eflloresce, or deliquesce, 
upon exposure to the air, will afford an excellent means of dis- 
tinguishing between bodies otherwise resembling each other ; 
for instance, between sodium sulphate and potassium sulphate. 
The process of crystallization is usually effected in dishes, or, 
in the case of very small quantities, in watch-glasses, or finally 
in microscopic work, on slips or slides of thin plain glass. 

Where the quantity of fluid to be operated upon is small, 
the surest way of getting well-formed crystals is to let the fluid 
evaporate in the air, or, better, under a bell-glass, over an open 
vessel half-filled with concentrated sulphuric acid. Minute 
crystals are examined best with a lens or microscope. 


§ 4. 
8. PRECIPITATION. 


This operation differs from the preceding one in that she 
dissolved body is suddenly converted to the solid state, no 
matter whether the substance separating is crystalline or amor- 
phous, whether it sinks to the bottom of the vessel, or ascends, 
er remains suspended in the liquid. Precipitation is either 
caused by a modification of the solvent—thus calcium sulphate 
(gypsum) separates immediately from its solution in water 
upon the addition of alcohol; or it ensues in consequence of 
the separation of an educt insoluble in the menstruum—thus 
when ammonia is added to a solution of aluminiaa sulphate, 
the latter salt is docomposed, and aluminium hydroxide, not 
being soluble in water, precipitates. Precipitation takes place 
ulso when new compounds (products) are formed which are’ 
insoluble in the menstrnum; thus calcium oxalate precipitates 
upon adding oxalic acid to a solution of calcium acetate; lead 
chromate, upon mixing potassium chromate with lead nitrate, 
Jn exchanges of this kind, one of the products remains gener- 
ally in solution, and the same is sometimes the case also with 
the educt ; thus, in the instances just mentioned, the ammonium 
sulphate, the acetic acid, und the potassium nitrate remain in 
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solution. It may, however, happen also that both the product 
and the educt, or two products, precipitate, and that nothing 
remains in solution; this is the case, for instance, when a solu- 
tion of magnesium sulphate is mixed with water of baryta, or 
when a solution of silver sulphate is precipitated with barium 
chloride. 

Precipitation is resorted to for the same purposes as crystal- 
lization, viz., either to obtain a substance in the solid form, or 
to separate it from other dissolved substances. But in qualita- 
tive analysis we have recourse to this operation more particu- 
larly for the purpose of detecting and distinguishing substances 
by the color, properties, and general deportment which they ex- 
hibit when precipitated either in an isolated state or in combi-' 
nation with other substances. The solid body separated by this 
process is called the preczpitate, and the substance which acts 
as the immediate cause of the separation is termed the precipi- 
tant. Various terms are applied to precipitates by way of par- 
ticularizing them according to their different nature; thus we 
distinguish crystalline, pulverulent, flocculent, curdy, gelatinous 
precipitates, etc. 

The terms turbid, turbidity, or cloudy and cloudiness, are 
made use of to designate the state of a fluid which contains a 
precipitate so finely divided and so inconsiderable in amount, 
that the suspended particles, although impairing the transpar- 
ency of the fluid, yet cannot be clearly distinguished. .The 
separation of flocculent precipitates may generally be promoted 
by vigorous shaking ; that of crystalline precipitates, by stirring 
the fluid and rubbing the sides of the vessel with a glass rod ; 
elevation of temperature is also an effective means of pro- 
moting the separation of most precipitates. The process is 
conducted, according to circumstances, either in test-tubes, 
flasks, or beakers. 


The two operations described Sepa in §§ 5 and 6, viz., 
FILTRATION and DECANTATION, serve to effect the mechanical 
separation of fluids from matter suspended therein. 


§ 5. 
FILTRATION. 
This operation consists simply in passing the fluid, from 
which we wish to remove the solid particles mechanically sus- 
yended therein, through a filtering apparatus, formed usually 
y a properly arranged piece of unsized paper placed in a glass 


funnel; an apparatus of this description allows the fluid to 
trickle throvgh, whilst it retains the solid particles. We em: 
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ploy smooth filters and plaited filters; the former in cases 
where the separated solid substance is to be made use of, the 
latter in cases where it is wished to clear the solution rapidly. 

[Smooth filters are prepared by folding a circular piece of filter paper 
first into halves, and then into quarters; then opening it out into a conicai 
cup with three thicknesses on one side, and one on the other. In filtering, 
the filter should be opened, and pressed well down into the funnel so as 
to fit it closely. 

Piaited filters are folded, as just described, into eighths, the folds all 
being made on the same side of the paper. Then each division is folded 
again upon itself on the opposite side of the paper; but to avoid breaking 
the latter, the folds should not reach quite to the centre. At this stage the 
filter has the appearance of a paper fan when shut. It is carefully opened 
out into a ribbed cone, pressed into the funnel, and evenly moistened from 
the vertex upwards, by aid of a gentle stream of water from the washing- 
bottle, Fig. 4.—Eprror. | 

In cases where the contents of the filter require washing, 
the paper must not project over the rim of the funnel. It isin 
most cases advisable to moisten the filter previously to passing 
the fluid through it; since this not only tends to accelerate the 
process, but also renders the solid particles less liable to be carried 
through the poresof thefilter. The paper selected for filters must 
be as free as possible from inorganic substances, especially such 
as are dissolved by acids, ¢.g., calcium and iron compounds. 

The common filtering paper of commerce seldom comes up to our wants 
in this respect, and I would therefore always recommend to wash it care- 

fully with dilute hydrochloric 
acid whenever it is intended 
for use in accurate analyses. 
For this purpose the apparatus 
shown in Fig. 1 will be found 
convenicnt. a is a bottle with 
the bottom out; @ and 6 are 
glass plates: between them lie 
the filters which have been pre- 
viously cut and folded; disa 
glass tube fitted into the cork 
c; eis a piece of flexible tube, 
which is closed by a piece of 
glass rod ora clip. The bot- 
tle is filled with a mixture of 
one part hydrochloric acid sp. 
gr. 1.12 and two parts water, 
in which the filters are allowed 
to soak twelve hours, the acid 
being then run off and replaced 
by ordinary water. After an 
hour this is replaced by fresh 
= water, and so on till the wash- 
= ings are barely acid. The 
washing is continued with dis- 
tilled water till the washings 
are free from hydrochloric acid 
—that is, till they cease to give 
any turbidity when mixed with 
2 few drops of solution of silver nitrate. Finally, the filters are drained, 
turned ou‘ upon blotting-paper, covered with the same, and dried in a 
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sieve in a warm place. Whenwe merely want to wash two or three filters, 
we place them in a funnel, as in fil- ; 

tering, one inside the other, moisten 
them with dilute hydrochloric or nitric 
acid, and after some time wash them 
well with distilled water. 

Filtering-paper, to be considered 
good, must, besides being pure, also 
let fluids pass readily through, whilst 
yet completely retaining even the finest 
pulverulent precipitates, such as barium 
sulphate, calci.m oxalate, etc. If a 
paper satisfying these requirements can- 
not be readily procured, it is advisable 
to keep two sorts, one of greater density 
for the separation of very finely divided = 
precipitates, and one of greater porosity & 
for the speedy separation of grosser or 
particles. The stand shown in Fig. 2 Fig. 2. 
is adapted for supporting the small- 
sized funnels used in qualitative analyses. Funnels are also often sustained 
in the mouths of flasks, test-tubes, or narrow beakers. 

[Rapid Filtration, as made prac- 
tical by Bunsen, is described in 
the American Edition of Fresenius’ 
Quantitative Analysis, pp. 66, 80. 

When hydrant water under high 
pressure is at hand, the most effli- : 
cient and cheapest exhausting ap- 
paratus is the Jet Aspirator per- 
fected by Ricuarps.* With water 
of low head, the Jacn pumpt 
renders good service.—Ep. ] 

A very simple and, for many 
purposes, sufficient apparatus is 
that of Wer, the operation of 
which is evident from Fig. 3. 
The prolong of the tube, aA, may 
be one or several feet long. Its 
lower extremity being dipped in 
water, the liquid is lifted to the 
funnel by mouth-suction applied 
at the horizontal tube. The clamp, 
c, being then closed, the column 
remains until the filter is empty, 
or until air passes it. The filter, 
d, may be strengthened if needful 


by being placed within a smaller 
one, a. Fig. 3. 


-* Am, Jour. Sci. [8] VITI. p. 412. 
+ Thorpe’s Quant. Analysis, p. 61, and (Foote’s Modification) Am, Jour. 
Bei. [8] VI. p. 360. 
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g.i6, 


5. DEcANTATION. 


This operation is frequentiy resorted to instead of filtration, 
in cases where the solid particles to be removed are of consid- 
erably greater specific gravity than the liquid in which they are 
suspended ; as they will in such cases speedily subside to the 
bottom, thereby rendering it easy either to decant the super- 
natant fluid by simply inclining the vessel, or to draw it off by 
ineans of a syphon or pipette. 

Certain slimy or gelatinous precipitates so clog the pores of 
paper as scarcely to admit of filtration. To obtain the liquid 
in which they have been formed quite clear, decantation is in- 
dispensable. Oftentimes the two processes may be advanta- 
geously combined by allowing the precipitate to settle as much 
as possible, and pouring off the still turbid liquid upon a filter. 


§: 7. 
6. W AsHING. 


When filtration or decantation has been resorted to for the 
purpose of collecting a solid substance, the latter has to be 
freed afterward from the adhering liquid by repeated washing 
or edulcoration. The washing of precipitates collected on a 
filter is usually effected by means of a washing-bottle, such as 
shown in rig. 4. 

This consists of a flask or bottle, closed with a twice-perfor- 
ated, snugly-fitting rubber stopper, through which pass two 
glass tubes, as in the figure. The outer end 
of the tube, a, is drawn to a moderately 
fine point. By blowing into the other 
tube, a stream of water is driven out from 
a with considerable force, which adapts the 
apparatus to removing precipitates from 
the sides of vessels as well as to washing 
them on filters. This form of washing- 
bottle serves for edulcoration with warm 
or even boiling water, provided the vessel 
itself has a uniformly thin bottom, so that 
it can be heated without fear of breaking. 

“By binding about the neck a ring of cork, or 
winding it closely with smooth cord, it may be 
handled with convenience when its contents are 
hot. {By cutting the exit tube at a, and, after 

Fie, 4, rounding their ends by fusion, uniting the two 
pieces with a bit of black rubber connector, the 
operator has it in his power to direct the outgoing stream upwards, or 
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otherwise as he may desire, by applying the forefinger to the base of the 
movable portion. By a similar device, that part of the exit tube which 
enters the flask may be made flexible, so that the lower end shall remain 
immersed until all the water is expelled.—Eb. } 

As the success of an analysis often depends upon the com- 
plete or proper washing of a precipitate, the operator must 
accustom himself to continue the process patiently until he is 
certain that the object in view has been actually accomplished. 
In general, this is not the case until the precipitate has been 
perfectly freed from the liquor in which it was formed. The 
analyst must not be content to guess that a precipitate is thor- 
oughly washed, but must prove that it is so, by applying appro- 
priate tests, until experience enables him to know how long to 
continue the process in any given case. If the body to be re- 
moved is non-volatile, slow evaporation of a few drops of the 
last portions of the washings on a clean surface of glass or pla- 
tinum will usually serve to indicate the point at which the 
process may terminate. 


§ 8. 
7. Dratysis. 


Dialysis is an operation which may be employed for certain 
separations, and depends upon the different behavior of bodies 
dissolved in water towards moist membranes. Bodies that are 
able to crystallize (crystalloids, Granam) have the power of 
penetrating suitable membranes with which their solution may 
be placed in contact, whilst amorphous bodies, or colloids, viz., 
gum, gelatin, starch, albumin, silicic acid, ete., do not possess 
that property. Hence the two 
classes may be separated by tak- 
ing advantage of this action. The 
septum must consist of a colloid 
material, as parchment-paper, and 
it must on the other side be in 
contact with water. Figs. 5 and 
6 exhibit suitable forms of appa- 
ratus for this operation. In Fig. 
5, the dialyser consists of the top 
of a bottle closed below with parch- 
ment paper; in I'ig. 6, it consists 
of a gutta-percha hoop covered like 
a sieve with parcbment-paper. = 

The disk of parchment-paper used B= 
should measure three or four inches in = 
diameter more than the space to be coy- 
ered; it is moistened, stretched over and Fig. 5. 


fastened by a string or by an elastic 
band. but it should not be secured too firmly. The parchment-paper must 
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not be porous; its soundness may be tested by sponging the upper side 
with water, and observing whether wet spots show on the other side. De- 
oe tag be remedied by applying liquid albumin and coagulating this 
eat. 
i [As Monr suggests, the parchment paper may also be made 
into a plaited filter (§ 5), which, being supported in a funnel, 
is, with the latter, 
ie immersed in water 
contained in a beak- 
er to the required 
depth. le oe 
When the dialyser 
has thus been got 
ready, the mass to 
be examined is 
oured intoit. The 
epth of fluid in 
the dialysers above 
figured should not 
be more than half 
an inch, and the 
ete ae membrane should 
dip a little way 
below the surface of the water in the outer vessel, which should 
amount to at least four times the quantity of the fluid to be 
dialysed. [Mohr’s dialyser may, of course, stand nearly its full 
depth in water.] After twenty-four hours, half or three-fourths 
of the erystalloids will be found in the external water, while 
the colloids remain in the dialyser—at most only traces pass 
into the external fluid. If the dialyser is brought successively 
in contact with fresh supplies of water, the whole of the crys- 
talloids may be finally separated from the colloids. This opera- 
tion is sometimes of service in chemico-legal investigations for 
the extraction of poisonous crystalloids from parts of a dead 
body, food, vomit, ete. 


There are four operations which serve to separate volatile 
substances from less volatile or from fixed bodies, viz., EVAPORA- 
TION, DISTILLATION, IGNITION, and SUBLIMATION. 


§ 9. 


8. EVAPORATION. 


This operation serves to separate volatile fluids from less 
volatile or from fixed bodies (solid or fluid), in cases where the 
residuary substance alone is of importance; thus we have re- 
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course to evaporation for the purpose of removing from a 
saline solution part of the water, in order to bring about crys 
tallization of the salt; also for removing the whole of the water 
from the solution of a non-crystallizable substance, so as to ob- 
tain the latter in a solid form, ete. The evaporated water is 
disregarded in these cases, the only object being to obtain in 
the one case a more concentrated fluid, and in the other a dry 
substance. These objects are attained by converting the 
fluid which is to be removed, to the gaseous state. This is gen- 
erally done by the application of heat; sometimes by leaving 
the fluid for a time in contact with the atmosphere, or with an 
enclosed volume of air kept dry by hygroscopic substances, 
such as concentrated sulphuric acid, calcium chloride, ete. ; or, 
lastly, by placing the fluid in rarefied air, with simultaneous 
application of hygroscopic substances. 

As it is of the utmost importance in qualitative analyses to guard against 
the least contamination, and as an evaporating fluid is the more liable to 
this the longer the operation lasts, the process is usually conducted with 
proper expedition, in porcelain or platinum dishes, over the flame of a 
spirit or gas lamp, in a place free from dust, preferably in a cupboard or 
hood provided with a draught. If the operator has no place of the kind, 
he must have recourse to covering the dish; the best way of doing this is 
to place over the dish a large glass funnel secured by a retort-holder, in a 
manner to leave sufficient space between the rim of the funnel and the 
border of the dish; the funnel is placed slightly aslant, that the. drops 
running down its sides may be received in a beaker. Or the dish may also 
be covered with a sheet of filter-paper previously freed from inorganic 
substances by washing with dilute hydrochloric or nitric acid (see § 5); 
were common and unwashed filter-paper used for the purpose, the ferric 
oxide, lime, etc., contained in it would dissolve in the vapors evolved 
(more especially if acid), and the solution dripping down into the evapor- 
ating fluid would speedily contaminate it. These 
precautions are necessary, of course, only in 
accurate analyses. Large quantities of fluid are 
evaporated best in flasks standing aslant, covered 
with a cap of pure filtering-paper, over a char- 
coal fire or gas; or also in tubulated retorts with 
neck rising obliquely upward, and open tubu- 
lure. Evaporating processes at 100° are con- Fie, 7. 
ducted in a suitable steam apparatus, or on the f 
water-bath shown in Fig. 7. Evaporation to dryness is not usually con- 
ducted over the naked flame, but generally either on the water-bath or the 
sand-bath, or on an iron plate. 

_ Itshould be remembered that porcelain and glass vessels— 

which we can hardly avoid using for the evaporation of large 
quantities of fluids—are always somewhat acted upon so that — 
their contents become more or less contaminated. ‘This action is 
but, slight in case of most dilute acids or acid liquids, but the 
ident should never evaporate alkaline fluids in glass, as at 
ling temperature they attack it considerably. 


14 OPERATIONS. [$§ 10, 11. 


§ 10. 
9. DisTILLATION. 


This operation serves to separate a volatile -iquid from a less 
volatile or a non-volatile substance, where the object is to re 
cover the evaporating fluid. A distilling apparatus consists of 
three parts: Ist, a vessel in which the liquid to be distilled is 
heated, and thus converted into vapor; 2d, an apparatus in 


\i 
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which this vapor is cooled again or condensed, and thus recon- 
verted to the fluid state; and 3d, a vessel to receive the fluid 
thus reproduced by the condensation of the vapor (the distil- 
late). For the distillation of large quantities metallic apparatus 
are used (copper stills with head and condenser of tin), or large 
glass retorts; in analytical investigations we either use small 
retorts with receivers, or more usually an apparatus such as is 
shown in Fig. 8. The fluid to be distilled is boiled in a, and 
_ the vapor escapes through the tube which is fitted into the cork. 
The tube is surrounded with a wider tube which is filled with 
cold water, and is renewed continually or occasionally by pour- 
ing in through d, after placing a vessel under g to catch the hot 
water which will run out. A small flask serves as a receiver. 


§ 11. 
10. Ia@nrrion. 


Ignition is, in a certain sense, for solid bodies what evapora- 
tion is to fluids; since it serves (at least generally) to separate 
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volatile substances from less volatile or from fixed bodies in 
cases where the residuary substance alone is of importance. 

_ In some instances, substances are ignited simply for the pur- 
pose of modifying their state, without any volatilization taking 
place ; thus chromic oxide is converted by ignition into the inso'- 
uble modification, ete. Substances are often ignited also, that the 
operator may from their deportment at a red heat draw a con 
clusion as to their nature in general, their fixity, their fusibility, 
the presence or absence of organic matter, etc. 

Crucibles are the vessels generally made use of in ignition. 
In operations on a large scale, Hessian or black-lead crucibles 
are used, heated by charcoal or gas; in analytical experiments 
small-sized crucibles or dishes are selected, of porcelain, plat- 
inum, silver, or iron, or glass tubes sealed at one end, accord- 
ing to the nature of the substances to be ignited; these cruci- 
bles, dishes, or tubes are heated over a spirit or gas lamp, or a 
bellows blowpipe. 


§ 12. 
11. Susimartion. 


The term sublimation designates the process which serves to 
convert solid bodies into vapor by the application of heat, and 
subsequently to recondense the vapor to the solid state by re- 
frigeration ;—the substance volatilized and recondensed is called 
a sublimate. Sublimation is consequently a distellation of solid 
bodies. We have recourse to this process mostly to effect the 
separation of substances possessed of different degrees of 
volatility. In sublimations for analytical purposes we gener- 
ally employ sealed glass tubes. When the sublimation is per- 
formed with the aid of a current of hydrogen or carbon-dioxide 
we use open glass tubes, which are usually made narrower just 
behind the part to which the heat is applied. 


§ 13. 
12. Fuston anp Fiuxia. 


Simple fusion is the conversion of a solid substance into the 
fluid form by the application of heat; it is most frequently re- 
sorted to for the purpose of effecting the combination or the 
decomposition of bodies. The term is also applied in cases 
where substances insoluble or difficult of solution in water and 
acids are by fusion in conjunction with some other body modi- 
fied, decomposed, or fluxed in such a manner that they or the 
new-formed compounds will subsequently dissolve in water or 
acids. Fusion is conducted either in porcelain, silver, or plat- 
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inum crucibles. The crucible is supported on a triangle of 
moderately stout platinum wire, resting on, or attached to, the 
iron ring of the spirit or gas lamp. ‘Triangles of thick iron 
wire, especially when laid upon the stouter brass ring of the 
‘lamp, earry off too much heat to allow of the production of 
very high temperatures. Sinall quantities of matter are also 
often fused in glass tubes sealed at one end. 
tesort to fusion is especially required for the analysis of 
various insoluble sulphates, silicates, and aluminium compounds. 
The flux most commonly used is sodium carbonate. In certain 
cases a mixture of calcium carbonate and ammonium chloride 
is employed. 
lor. the fusion of aluminates, sodium disulphate is frequently 
used. ’ 
A platinum crucible is used for the fusion in all these cases 
just named. 

Precautionary rules for the prevention of damage'to platinum vessels.—No 
substance evolving chlorine ought to be treated in platinum vessels; no 
sodium or potassium nitrate or hydroxide or cyanide, no metals, or sul- 
phides of metals, should be fused in such vessels; nor should readily 
deoxidizable metallic oxides or organic salts of the heavy metals be ignited 
in them, or phosphates in presence of organic compounds. It is also 
cetrimental to platinum crucibles, and especially to their covers, to expose 
them direct to an intense charcoal fire, as the action of the ash is likely to 
lead to the formation of platinum silicide, which renders the vessel brittle. 
It is always advisable to support platinum crucibles used in ignition or 
fusion on triangles of platinum wire. When a platinum crucib’: has been 
made white hot over the bellows blowpipe, it is unwise to cool it too 
quickly by suddenly turning off the gas, and allowing the cold blast to 
play upon it, since the crucible is under these circumstances very liable to 
become slightly cracked. 4 

{When platinum vessels are ignited in the inner blue gas flame, they are 
liable to assume a dull and soiled aspect externally, and after prolonged 
use often become cracked with rifts, that at first are scarcely perceptible, 
but shortly extend so as to ruin the vessel. This detriment is prevented, 
and generally most kinds of stains may be removed from platinum appa- 
ratus by gently rubbing the surface with wet sea-sand as often as the lustre 
is impaired. The grains of sand must be polished and free froni sharp 
angles. By the proper use of sand of good quality, the metal is not 
scoured, but burnished.—Ep.| If the stains or impurities in a platinum 
dish resist this treatment, sodium disulphate or borax should be heated in 
it to fusion for some time. The vessel is then cleaned with hot water, and 
finally, if needful, is burnished with sand as above described. 


§ 14. 
13. DrEFLAGRATION. 


We understand by the term deflagration, in a more general 
sense, every process of decomposition attended with noise or 
detonation. We use the same term, however, in a more re- 
stricted sense, to designate the oxidation of a substance in the 


_ also much more durable. If the opening 


_ may genera 
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dry way, at the expense of the oxygen of another substance 
mixed with it (usually a nitrate or a chlorate), and connect 
with it the idea of a sudden combustion attended with incandes- 
cence and detonation. 

Deflagration is resorted to either to produce a desired body— 
thus arsenious sulphide is deflagrated with potassium nitrate to 
obtain potassium arsenate; or it is applied as a means to prove 
the presence or absence of a certain substance—thus salts are 
tested for nitric or chloric acid by fusing them with potassium 
Aa and observing whether they deflagrate, ete. To attain 
the former object, the perfectly dry mixture of the substance 
and the deflagrating agent is projected in small portions at a 
time into a red-hot crucible. Experiments of the latter de- 
scription are invariably made with minute quantities, preferably 
on a piece of thin platinum foil, or in a small spoon. 


8 15. 
14. Tye Use or txEe Browrrer.* 


This operation is of paramount importance in many analytica} 
processes. We have to examine here the apparatus required, 
the mode of its application, and the results ot the operation. 

The blowpipe, Fig. 9, is a small instrument, usually made of 
brass or German silver. It consists of three parts; viz., Ist, a 
tube, @ d, titted, for greater convenience, with a horn or ivory 
mouthpiece, through which air is blown 
from the mouth; 2d, a small cylindrical 
vessel, c d, into which @ 6 is screwed air- 
tight, and which serves as an air-chamber 
and to retain the moisture of the air blown 
into the tube; and 3d, a smaller tube, 7 g, 
also fitted into ¢d. This small tube, which 
_ forms a right angle with the larger one, is 
fitted at its aperture either simply with a 
finely perforated platinum plate, or more 
conveniently with a finely perforated pla- 
tinum cap (4). The construction of the 
cap is shown in Fig. 10. It is, indeed, a 
little dearer than a simple plate, but it is 


of the cap ee stopped up, the obstruction 
7 ly be removed by heating it to 
_ redness before the blowpipe. 

_ The proper length of the blowpipe de- “ 

_ pends upon the distance to which the Fia. 9. 


__ * For fuller details of the use of the Blowpipe, see BRUSH’s Determinative 
Mineralogy. 
2 
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operator can see with distinctness; it is usually from eight te 

ten inches. The form of the mouthpiece varies. Some cnemists 
like it of a shape to be encircled by the lips; others 
prefer the form of a trumpet mouthpiece, which is 
only pressed against the lips. The latter requires 
less exertion on the part of the operator, and is accord- 
ingly generally chosen by those who have a great 
deal of biowpipe work. 

The blowpipe serves to conduct a continuous fine 
current of air into a gas-flame, or into the flame of a 
candle or lamp. ‘The flame of a candle or lamp, 

- burning under ordinary circumstances, is seen to con- 
sist of three principal parts, as shown in Fig. 11, 
viz., 1st, a dark nucleus in the centre (a); 2d, a lumi- 
nous cone surrounding this nucleus (ef g); and 3d, 
a feebly luminous mantle encircling the whole flame 
(bcd). The dark nucleus contains the gases which 

the heat evolves from the wax or fat, and which cannot burn 
here for want of oxygen. In the luminous cone these gases 
come in contact with a certain amount of air insufficient for 
their complete combustion. In this part, therefore, it is prin- 
cipally the hydrogen of the hydrocarbons evolved which burns, 
whilst the carbon separates in a state of intense ignition, which 
imparts to the flame the luminous appearance observed in this 
cone. In the outer coat the access of air is no longer limited, 
and all the matter not yet burned is consumed here. This part 
of the flame is the hottest, and the extreme apex is the hottest 
point of it. Oxidizable bodies oxidize, therefore, with the great- 
est possible rapidity when placed in it, since all the conditions 
of oxidation are here united, viz., high temperature and an ur- 
limited supply of oxygen. ‘This outer part of the flame is there- 
fore called the oxidizing flame. 

On the other hand, oxides having a tendency to yield up 
their oxygen suffer 7eduction when placed within the luminous 
part of the’ flame, the oxygen being withdrawn from them by 
the carbon and the still unconsumed hydrocarbons there present. 
The luminous part of the flame is therefore called the reducing 

me. | 

The effect of blowing a fine stream of air across a flame is, 
first, to alter the shape of the flame, as, from tending upward, 
it is now driven sideways in the direction of the blast, being at 
the same time lengthened and narrowed; and, in the second — 
place, to extend the sphere of combustion from the outer to — 
the inner part. As the latter circumstance causes an extraor- 
dinary increase in the heat of the flame, and the former a con- 
centration of that heat within narrower limits, it is easy to un- 
derstand the exceedingly energetic action of the blowpipe 


_ flame. The way of holding the blowpipe and the nature of © 


the blast will depend upon whether the operator wants a re — 
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ducing or an oxidizing flame. The easiest way of producing 
most efficient flames of both kinds is by means of coal-gas 
delivered from a jet, shaped as in Fig. 12, the slit being 1 


a 
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centimetre long, and 13 to 2 millimetres wide; as with the 
use of gas the operator is enabled to regulate not only the cur- 
rent of air, but that of the gas also. The task of keeping the 
blowpipe steadily in the proper position may be greatly facili- 
tated by firmly resting that instrument upon some movable: 
metallic support, such as, for instance, the ring of Bunsrn’s gas- 
lamp intended for supporting dishes, &c. 

Fig. 12 shows the flame for reducing; Fig. 13 the flame for 
oxidizing. The luminous parts are shaded. 


Fre. 138. 


The reducing flame is produced by keeping the jet of the 
blowpipe just on the border of a tolerably strong gas flame, and 
driving a moderate blast across it. The resulting mixture of 
the air with the gas is only imperfect, and there remains be- 
tween the inner bluish part of the flame and the outer barely 
visible part a luminous and reducing zone, of which the hottest 
point lies somewhat beyond the apex of the inner cone. To 
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produce the oxidizing flame, the gas is lowered, the jet of the 
blowpipe pushed a little farther into the flame, and the strength 
of the current somewhat increased. ‘This serves to effect an in- 
timate mixture of the air and gas, and an inner pointed, bluish 
cone, slightly luminous towards the apex is formed, and sur- 
rounded by a thin, pointed, light-bluish, barely visible mantle. 
The hottest part of the flame is at the apex of the inner cone. 
Difficultly fusible bodies are exposed to this part to effect their 
fusion ; but bodies to be oxidized are held a little beyond the 
apex, that there may be no want of air for their combustion. 
An oil-lamp with broad wick of proper thickness may be used 
instead of gas ; a thick wax-candle also will do. For an oxidizing 
flame a small spirit-lamp will in most cases answer the purpose. 

The current is produced with the cheek muscles alone, and 
not with the lungs. The way of doing this may be easily ac- 
quired by practising for some time to breathe quietly with dis- 
tended ies and with the blowpipe between the lips; with 
practice and patience the student will soon be able to produce 
an even and uninterrupted current. 

The swpports on which substances are exposed to the blow 
pipe ee are generally either wood charcoal, or platinum wire 
or foil. 

- Charcoal supports are used principally in the reduction of 
metallic oxides, ete., or in trying the fusibility of bodies. The 
substances to be operated upon are put into small cavities, 
scooped out with a penknife or with a little tin tube. Metals 
that are volatile at the heat of the reducing flame evaporate 
wholly or in part upon the reduction of their oxides; in passing 
through the outer flame the metallic fumes are re-oxidized, and 
the oxide formed is deposited around the portion of matter 
upon the support. Such deposits are called incrustations. © 
Many of these exhibit characteristic colors, leading to the detec- 
tion of the metals. The charcoal of pine, linden, or willow is 
greatly preferable to that of harder woods. Saw the thoroughly. 
burnt charcoal of well-seasoned and straight-split pine-wood into 
rectangular pieces, and brush off the dust; they may then be 
handled without soiling the hands. Those sides alone are used 
on which the annual rings are visible on the edge,.as on the 
other sides the fused matters are apt to spread over the surface . 
of the charcoal. Small charcoal supports are sometimes sold, 
which have been made from powdered charcoal, mixed with rice 
or starch paste, and stamped into convenient shapes—they are 
very handy and clean. 

Charcoal is so valuable a material for supports in blowpipe 
experiments, because of—tIst, its infusibility ; 2d, its low con- 
ducting power for heat, which permits substances being heated 
more strongly upon a charcoal than upon any other support ; 
3d, its porosity, which makes it imbibe TT fusible sub- 
stances, such as borax, sodium carbonate, etc., whilst infusible 
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bodies remain on the surface; 4th, its reducing power, which 
greatly contributes to the reduction of oxides in the inner blow- 


oe ame. 

Ve use platinum wire, and occasionally also platinum foil, 
in all oxidizing processes before the blowpipe, and also when 
fusing substances with fluxes, with a view to try their solubility 
in them, and to watch the phenomena attending the solution, 
and mark the color of the bead ; lastly, also to introduce sub- 
stances into the flame, to see whether they will color it. The 
wire is cut into lengths of 8 centimetres, and each length twisted 
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at both ends into asmall loop (Fig. 14). When required for use, 
the loop is moistened with a drop of water, then dipped into the 
powdered flux (where a flux is used), and the portion adhering 
fused in the flame of a gas or spirit lamp. When the bead pro- 
duced, which sticks to the loop, is cold, it is moistened again, 
and asmall portion of the substance to be examined put on and 
made to adhere to it by the action of a gentle heat. The loop 
is then finally exposed, according to circumstances, to the inner 
or the outer blowpipe flame. 

Whiat renders the application of the blowpipe particularly 
useful is the great expedition with which results are attained. 
These results are of a two-fold kind, viz., either they afford us 
simply an insight into the general properties of the body, and 
enable us accordingly only to determine whether it is fixed, 
volatile, fusible, etc.; or the phenomena which we observe ena- 
ble us at once to recognize the particular body which we have 
before us. We shall have occasion to describe these phenomena 
when treating of the deportment of the different substances 
with reagents. 

Chemists have devised various forms of self-acting blowpipe 
apparatus, in some of which the air-current is produced by 
means of a gasometer, in others by means of a caoutchouc bal- 
loon, in others again by a species of hydrostatic blast, ete. But 
the simplest self-acting apparatus, by which most of the objects 
attainable with the blowpipe may be conveniently accomplished, 
is the Bunsen gas-lamp, provided with a chimney, which burns 
without luminosity and without soot. A description of this 
lamp follows in the next paragraph. 


8 16. 
15. Tux Use or Lamps, parricuLaRLy oF GAs-LAMPS. 


As we have to deal mostly with small quantities of matter, 
we commonly use in processes of qualitative analysis requiring 
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the application of heat, such as evaporation, ignition, etc., either 
spirit-lamps or gas-lamps. 

Of spirit-lamps there are two kinds in use, viz., the simple 
spirit-lamp, as shown in Fig. 17, and the Berzelius lamp with 
double draught (Fig. 15). In the construction of the latter 
lamp it should be borne in mind that the part containing the 
wick and the vessel with the spirit must be in separate pieces, 
connected only by means of a narrow tube; otherwise trouble- 
some explosions are apt to occur in lighting the lamp. Nor 
should the chimney be too narrow, or the stopper fit air-tight 
on the mouth through which the spirit is poured in. A lamp 
should be selected that may be readily moved up and down the 
pillar of the stand, which must be fitted with a movable brass 
ring to support dishes and flasks in processes of ebullition, and 
a ring of moderately stout iron wire to support the triangle for 
holding the crucibles in the processes. of ignition and fusion. 
Of the various forms of lamps in use, the one shown in Fig. 15 is 
the most suitable. Fig. 16 shows a triangle of platinum wire 
fixed within an iron wire triangle: this serves to support the 
crucible in processes of ignition. Glass vessels, more particularly 
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beakers, which it is intended to heat over the lamp, are most 
conveniently rested on a piece of gauze made of fine iron wire 
such as is used in making sieves of medium fineness. 

Of the many gas-lamps proposed, Bunsen’s, as shown in its . 
simplest form in Iigs. 18 and 19, is the most convenient. a é 
is a foot of cast-iron. In the centre of this is fixed a brass box, 
2 d, which has a cylindrical cavity of 12 mm. deep, and 10 mm. 
in diameter. Each side of the box has, 4 mm. from the upper 
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rim, a circular aperture of 8 mm. diameter, leading to the inner 
cavity. One of the sides has fitted into it, 1 mm. below the 
sihenlor aperture, a brass tube, which serves for the attachment 
of the India-rubber supply tube. This brass tube is turned in 
the shape shown in Fig. 18; it hasa bore of 4 mm. The gas 
conveyed into it re-issues from a tube in the centre of the cavity 
of the box. This tube, which is 4 mm. thick at the top, thicker 
at the lower end, projects 8 mm. above the rim of the box; the 
gas issues from a narrow opening which appears formed of 3 
radii of a circle, inclined to each other at an angle of 120°. 
The length of each radius is 1 mm.; the opening of the slit is 
% mm. wide; ¢ f is a brass tube 95 mm. long, open at both 
ends, with a bore of 9 mm.; the screw at the lower end of this 
tube fits into the upper part of the cavity of the box. With 
this tube screwed in, the lamp is completed. On opening the 
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stop-cock, the gas rushes into the tube e 7, where it mixes with 
the air coming in through the cireular apertures. When this 
mixture is kindled at f, it burns’ with a straight, upright, 
bluish flame, entirely free from soot, which may be regulated at 
will by opening the stop-cock more or less; 2 partial opening of 
the cock suttices to give a flame fully answering the purpose of 
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the common spirit-lamp; whilst with the full stream of gas 
turned on, the flame, which will now rise up to 2 decimetres in 
livight, affords a most excellent substitute for the Berzelius lamp. 
If the flame is made to burn very low, it will often occur that 
it recedes ; in other words, that instead of the mixture of gas 
and air burning at the mouth of the tube, e 7, the gas takes 
fire on issuing from the slit, and burns belowin the tube. This 
defect may be perfectly obviated by covering the tube, ef, at 
the top with a little wire-gauze cap. Flasks, etc., which it is 
intended to heat over the gas-lamp, are most conveniently sup- 
ported on a gauze-plate—a square piece of thin iron plate to 
which a piece of wire-gauze of equal size is riveted, as shown in 
Fig. 20. Simple wire-gauze rapidly burns through in the 
middle, and does not offer the same protection against the 
cracking of beakers or flasks. For blowpipe operations, the 
tube g 4 must be inserted into ef ; this tube terminates in a slant- 
ing flattened top, and having an opening in it 1 cm. long, and 
13 to 2 mm. wide. The insertion of gh 
into ¢ 7 serves to close the air-holes in the 
box, and pure gas, burning with a luminous 
flame, issues from the top of the tube. 
Fig. 19 shows the apparatus complete, 
fixed in the fork of an iron stand; this 
arrangement permits the lamp being moved 
backward and forward between the prongs 
of the fork, and up and down the pillar of 
the stand. The movable ring on the same 
pillar serves to support the objects to be 
operated upon. The 6 radii round the tube of the 1st serve 
to support an iron-plate chimney (see Fig. 24), or a porcelain 
plate used in quantitative analyses. 

2 To host crucibles to the brightest red 
heat, or to a white heat, the bellows 
blowpipe is resorted to. But even 
without this the action of the gas-lamp 
may be considerably heightened by 
heating the crucible within a small clay 
furnace, as recommended by Erpmann. 
Fig. 21 shows the simple contrivance 
by which this is effected. The ‘fur- 
naces are 115 mm. high, and measure 
70 mm. diameter in the clear. The 
thickness of material is 8 mm. If the 
ordinary Bunsen burner is not suif- 
ficiently strong for any purpose, the 
three-Bunsen burner (Fig. 22) may be used. 

Bunsen has devised a more perfect form of this lamp* tc 


* Annal. d. Chem, u. Pharm., 111, 257 and 138, 257. Also Zeitschr. f. anal. 
Chem., 5, 351. : 
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render the flame a more complete substitute for the blowpipe 
flame, namely, for reducing, oxidizing, fusing, and volatilizing, 
and for the observation of the coloration of flame (S270 Tia 
improved form of the lamp is shown in Fig. 23. @ is a sheath, 
which can be turned round for regulating the flow of air. 
When in use the conical chimney, d d d d (Fig. 24), is placed 
on ¢é; it is of such dimensions that the flame may burn tran- 
quilly. Fig. 24 shows the flame half its natural size. In this 
three parts are at once apparent, namely, 1. a a@a@a, the dark 
cone, which contains the cold gas mixed with about 62 per cent. 
of air; 2.a@¢a0,the mantle formed by the burning mixture of 
= and air; 3. @ 6 a, the luminous tip of the dark cone, which 
ves not appear unless the air-holes are somewhat closed. The 
latter is useful for reductions 
Such are the three principal parts of the flame, but Bensry 
distiaguishes no less than six parts, which he names as follows : 


1, The base at a, which has a relatively low temperature, be- 
_ eause the burning gas is here cooled by the constant current of 


fresh air, and also because the lamp itself conducts the heat 


_ away. This part of the flame serves for discovering the colors 
produced by readily volatile bodies when less volatile bodies 
_ which color the flame are also present. At the relatively low 
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temperature of this part of the flame the former volatilize alone 
instantaneously, and the resulting color imparted to the flame is 
for a moment visible unmixed with other colors. 

2. Lhe fusing zone. This lies at f, at a distance from the 
bottom of somewhat more than one-third of the height of the 
flame, equidistant from the outside and the inside of the mantle, 
which is broadest at this part. This is the hottest part in the 
flame, namely, about 2300°, and it therefore serves for testing 
substances as to their fusibility, volatility, emission of light, and 
for all processes of fusion at a high temperature. 

3. The lower oxidizing flame lies in the outer border of ‘he 
fusing zone at y, and is especially suitable for the oxidation of 
oxides dissolved in vitreous fluxes. 

4. The upper owidizing zone at ¢ consists of the non-lumi- 
nous tip of the flame. Its action is strongest when the air-holes 
of the Jamp are fully open. It is used for the roasting away of 
volatile products of oxidation, and generally for all processes of 
oxidation where the very highest temperature is not required. 

5. The lower reducing zone lies at 5 in the inner border of the 
fusing zone next to the dark cone. The reducing gases are here 
mixed with oxygen, and therefore do not possess their full power; 
hence they are without action on many substances which are de- 
oxidized in the npper reducing flame. This part of the flame is 
especially suited for reduction on charcoal or in vitreous fluxes. 

6. Zhe upper reducing flame lies at 7 in the luminous tip of 
the dark inner cone, which, as I have already explained, may 
be produced by diminishing the supply of air. This part of 
the flame must not be allowed to get large enough to blavken a 
test-tube filled with water and held in it. It contains no free 
oxygen, is rich in separated incandescent carbon, and therefore 
has a much stronger action than the lower reducing zone. It 
is used more particularly for the reduction of metals collected 
in the form of incrustations. 

With the help of a gas flame of this description we can ob- 

tain as high a temperature as with the blowpipe, and even 
higher if the radiating surface of the substance is made as small 
as possible; and by the use of the different parts of the flame 
processes of reduction and of oxidation may be carried out with 
the greatest convenience. 

In order to study the deportment of bodies at a high tempera- 
twre, namely, their emission of light, fusibility, volatility, and 
power of coloring flame, they are introduced into the flame in 
the loop of a platinum wire, which should be barely thicker than 
a horse-hair. Should the substance attack platinum, a little 
bundle of asbestos is used, which should be about one-fourth 
the thickness of a match. Decrepitating substances are first 
very finely powdered, then placed on a strip of moistened filter- 
paper about a square centimetre in surface, and this is can- 
tiously burnt between two rings of fine platinum wire. ‘The 
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substance now presents the appearance of a coherent crust and 
may be held in the flame without difficulty. For testing fluids 
to see whether they contain a substance which colors flame, the 
round loop of the fine platinum wire is flattened on an anvil to 
the form of a small ring. This is dipped into the fluid, and 
tnen withdrawn, when a drop will be found attached to the ring. 
This drop is held near the flame and allowed to evaporate with- 
out boiling, after which the residue may be conveniently tested. 
If bodies are to be exposed for a considerable time to the 
action of the flame, the stand, Fig. 25, is used. -A and B are 
rovided with springs, and can be easilymoved up and down. 
n A is the arm, a, intended for the support of the platinum 
wire fixed in a glass tube (Fig. 26); also another little arrange- 
ment to hold the glass tube, 4 with its bundle of asbestos fibres, 
d. SB bears a clip for the reception of a test-tube, which in 
certain cases has to be heated 
for a considerable time in a deti- 
nite part of the flame. C serves 
to hold the various platinum 
wires fixed in glass tubes. 
Experiments of reduction are 
performed either with the aid of 
a suitable reducing agent in a 
small glass tube, or with the aid 
of a little stick of charcoal. In 
order to prepare the latter, Bunsen 
recommends to hold an unetilo- 
resced crystal of sodium carbon- 
ate near the flame, and then 
having taken off the head of a 
match to smnear three-fourths of its 
length with the wet. mass pro- 
duced by warming the crystal. 
The match-stick is then slowly 
rotated on its axis in the flame, 
when a crust of solid sodium 
carbonate will form on the 
carbonized wood, and on heat- 
ing in the fusing zone of the 
flame this crust will be mel- 
ted and absorbed by the char- 
coal. The Little stick of char- 
coal will now in a measure be 
rotected from combustion. 
The substance to be tested is } 
made into a paste, with a drop [/ 
of melted crystallized sodium | 
carbonate, and a mass about ,- 


° fi G, 
the size of a millet-seed is 26. 
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taken up on the point of the carbonized match; it is then 
first melted in the lower oxidizing flame, and afterwards 
moved through a portion of the dark cone into the opposite 
hottest part of the lower reducing zone. The reduction will ve 
rendered evident by the effervescence of the sodium carbonate. 
After a few moments the action is stopped by allowing the sub- 
stance to cool in the dark cone of the flame. If, finally, the 
point of the carbonized match is cut off and triturated with a 
few drops of water in a small agate mortar, the reduced metal 
will be obtained in the form of sparkling fragments which may 
be purified by elutriation, and, if necessary, more minutely 
examined. 

Volatile elements which are reducible by hydrogen and car- 
bon may be separated as such or as oxides from their combina- 
tions and deposited on porcelain. These deposits are called 
incrustations ; they are thicker in the middle, and become thin 
towards the edges. They may be converted into iodides, sul- 
phides, and other combinations, and may thus be further iden- 
tified. These reactions are so delicate that in many cases a 
quantity of from +, to 1 mgrm. is sufficient to exhibit them. 

The metallic incrustation is obtained by holding in one 
hand a small portion of the substance on asbestos in the upper 
reducing-flame, and in the other hand a glazed porcelain dish, 
from 1 to 1.2 decimetres in diameter, filled with water, close 
over the asbestos in the upper reducing-flame. The metals sep- 
arate as sooty or mirror-like incrustations. 

If the substance is held as: just directed, and the porcelain 
dish is held. in the upper oxidizing flame, then an ¢nerustation 
of oxide is obtained. In order to be sure of getting it, the 

ame must be comparatively small if the portion of substance is 
minute. To turn the incrustation 
of oxide into an inerustation @ 
zodide, \et the dish covered with 
the oxide cool, breathe on it, and 
place it on the wide-mouthed bot- 
tle, Fig. 27. This bottle contains 
phosphorus tri-iodide, which has 
been allowed to deliquesce and be- 
come converted into fuming hydri- 
odie acid and phosphorous acid ; it 
should have an‘air-tight glass stop- 
per. Ii the hydriodic acid has become so moist that it has 
ceased tu fume, it may be restored to its proper condition by 
the addition of phosphoric pentoxide. To turn the incrustation 
of iodide into an tnerustation of sulphide, direct a current of © 
air containing ammonium sulphide upon it, breathing upon the 
dish occasionally ; then drive off the excess of ammonium sul- 
phide hy gentle warming. : 

If more considerable quantities of the metallic incrustation 
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the asbestos, d, with the sub 


is fixed with its bottom close 


metallic incrustation forms 


newal of the substance. 
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_ for instance, salts of sodium 
impart to flame a yellow, salts 
of potassium a violet, salts of 
lithium a carmine tint, and 
may thus be easily distin- 
guished from each other. 
The flame of BunsEn’s gas- 
Jamp with chimney, described 
in § 16, and shown in Fig. 23, 
is more particularly suited for 
observations of this kind. 
The substances to be exam- 
ined are put on the small 
loop of a fine platinum wire, 
and thus, by means of the 
holder shown in Fig. 25, 
or the more simple one, Fig. 
28, placed in the fusing-zone 
of the gas-flame. A partic- 
_ ularly striking coloration is 
imparted to the flame by the 
 yolatile salts of the alkali and 
 alkali-earth metals. If dif- 
ferent salts of one and the 
_ same base are compared in 
this way, it is found that 
every one of them, if at all 
volatile at high temperatures, 
or permitting at least the 
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are required for further experiments, the porcelain dish is re- 
placed by a test-tube half filled with water, D (Fig. 25), in 
which a few pieces of marble should be placed to prevent 
bumping when the water subsequently boils. In this case 


stance on it, is fixed at the same 


q height as the middle of the upper reducing-flame, the test-tube 


over the asbestos, as shown in thie 


figure, and then the lamp is moved just under the test-tube. 
The substance thus comes within the reducing-flame, and the 


on the bottom of the test-tube. 


The incrustation may be obtained as thick as is wished by re- 


§ 17. 


16. OssERVATION OF THE CororATION or FLAME AND SPEC- 


ANALYSIS. 


_ Many substances give characteristic tints to a colorless flame, 
which afford excellent means for their identification. 


Thus, 
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volatilization of the base, imparts the same culor to the flame, 
only with different degrees of intensity, the most volatile of 
the salts producing also the most intense coloration ; thus, for 
instance, potassium chloride gives a more intense coloration than 
potassium carbonate, and this latter again a more intense one than 
potassium silicate. In the case of ditficultly volatile compounds, 
the coloration of the flame may often be developed by adding 
some other body which has the power of decomposing the 
compound under examination. ‘Thus, for instance, in silicates 
containing only a few per cent. of potassium, the latter body 
cannot be directly detected by coloration of flame; but this 
detection may be accomplished by adding a little pure gypsum, 
as this will cause formation of calcium silicate and potassium 
sulphate, a salt which is sufficiently volatile. 

But however decisive a test the mere coloration of flame 
affords for the detection of certain metallic compounds, when 
present unmixed with others, this test becomes apparently 
quite useless in the case of mixtures of compounds of several 
metals. Thus, for instance, mixtures of salts of potassium and 
sodium show only the sodium-flame; mixtures of salts of 
barium and strontium, only the barium-flame, ete. This defect 
‘may be remedied, however, in two ways. 

The jirst way, introduced by Carrmett,* and_ perfected 
afterwards by Bunsen ¢ and by Merz,t consists in looking at 
the colored flame through some colored medium (colored glasses, 
indigo solution, etc). Such colored media, in effacing the 
flame coloration of the one metal, bring out that of the other 
metal mixed with it. For instance, if a mixture of a salt of 
potassium and a salt of sodium is exposed to the flame, the lat- 
ter will only show the yellow sodium coloration; but if the 
flame be now looked at through a deep-blue cobalt glass, o: 
through solution of indigo, the yellow sodium coloration will 
disappear and will be replaced by the violet potassium tint. A 
simple apparatus suffices for all observations and experiments 
of the kind; all that is required for the purpose being— 
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1. A hollow prism (Fig. 29) composed of oS the 
chief section of which forms a triangle with two sides of 150 


* Phil. Mag., 16, 328. + Annal. d. Chem. u. Pharm., 111, 257. 
} Journ. f. Prakt. Chem., 80, 487. 


§ 17.] SPECTRUM ANALYSIS. 81 


mm., and one side of 85 mm. length. The indigo solution 
required to fill this prism is prepared by dissolving 1 part of 
indigo in 8 parts of fuming sulphuric acid, adding to the solu- 
tion 1500-2090 parts of water, and filtering. When using this 
apparatus the prism is moved in a horizontal direction ciose 
before the eyes, in such a way that the rays of the flame are 
made to penetrate successively thicker and thicker layers of the 
effacing medium. 

2. A blue, a violet, a red, and a green glass. The blue 
glass is tinted with cobalt monoxide; the violet glass with 
manganese sesquioxide; the red glass (white glass colored red 
superficially) with cuprous oxide; and the green glass with 
iron oxide and cupric oxide. The colored glass of commerce 
will generally be found to answer the purpose. As regards 
the tints imparted to the flame by the different bodies, when 
viewed through the aforesaid media, and the combinations by 
which these bodies are severally identified, the information 
required will be found in Section III., in the paragraphs treat 
ing of the several bases and acids. 

The second way, which is called Spectrum Analysis, was 
introduced by Kironnorr and Bunsen. It consists in letting 
the rays of the colored flame pass first through a narrow slit, 
then through a prism, and observing the so refracted rays 
through a telescope. <A distinct spectrum is thus obtained for 
every ilame-coloring metal; this spectrum consists cither, as in 


= a Fia. 30 3, 
Fig. 30 a. 
the case of barium, of a number of colored lines lying side by 
side; or, as in the case of lithium, cf two separate, differently 
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colored lines; or, as in the case of thallium, of a single green 
line. These spectra are characteristic in a double sense—viz., 
the spectrum lines have a distinct color, and they occupy also 
a fixed position. ; 

It is this latter circumstance which enables us to identify 
without difficulty, in the spectrum observation of mixtures of 
flame-coloring metals, every individual metal. Thus, for in- 
stance, a flame in which a mixture of potassium, sodium, and 
lithium salts is evaporated, will give, side by side, the spectra 
of the several metals in the most perfect purity. 

A. spectroscope which suffices for all common purposes is 
shown in Jig. 30 a. 

A is an iron disk, in the centre of which a prism, with ciren- 
lar refracting-faces of about 25 mm. diameter, is fastened by a 
clamp and screw. The same disk has also fastened to it the 
three tubes B, C, and DY. Each of these tubes is soldered to a 
metal block (Fig. 30 6), by which they may be adjusted in the 
proper position. £ is the observation-telescope ; it has a mag- 
nifying power of about six. The tube C is closed at one end 
by a brass disk, into which the perpendicular slit is cut through 
which the light is admitted. The tube D carries a photo- 
graphic copy of a millimetre-scale, reduced on a glass plate to 
about one-fifteenth the original dimensions. This scale is coy- 
ered with tin-foil, with the exception of the narrow strip upon 
which the divisional lines and the numbers are engraved. It 
is lighted by a gas or candle flame placed before it. 

The axes of the tubes B and D are directed, at the same in- 
clination, to the centre of one face of the prism, whilst the axis 
of the tube C is directed to the centre of the other face. This 
arrangement makes the spectra produced by the light passing 
through C, and the image of the scale in D produced by tota 
reflection, appear in one and the same spot, so that the positions 
occupied by the spectrum-lines may be read off on the scale. 
The prism is placed in about that position in which there is a 
minimum divergence of the rays of the sodium-line; and the 
telescope is set in that direction in which the red and the violet 
potassium lines are about equidistant from the middle of the 
tield of view. 

The colorless flame into which the flame-coloring bodies are 
to be introduced is placed 10 cm. from the slit. Bunsrn’s 
lamp, shown in Fig. 23, gives the best flame. The lamp is ad- 
justed so as to place the upper border of the chimney about 20 
mm. below the lower end of the slit. When this lamp has 
been lighted, and a bead of substance—say of potassium sul- 
phate—introduced into the fusing-zone by means of the holder 
shown in Fig. 28, the iron disk of the spectrum apparatus, 
which, with all it carries, is movable round its vertical axis, is 
turned until the point is reached where the Iuminesity of the 
spectrum is the most intense. 
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To cut off foreign light in all spectrum observations, the cen- 

tre part of the apparatus is covered with a black cloth or box. 

he spectra which are the most serviceable for analytical 
pores are mapped on plate I. The scale employed is that 
of Kirchhoff and Bunsen’s instrument, in which the degree 
50 coincides with the yellow sodium line. .The topmost scale 
gives the positions of some of the more important dark lines 
(Fraunhofer’s) of the solar spectrum, which are distinguished 
by the letters A, B, C, etc., and @ and 6. The limits of the 
seven colors are indicated with suflicient accuracy by the verti- 
cal lines drawn below each spectrum. The long dashes of black 
drawn at the upper edge of the spectra of potassium, rubidinm, 
cesium, and sodium, represent broad, continuous bands of 
color. The proper spectral lines are shown at the lower edge 
of each scale. ‘The width of each line is seen from the number 
of degrees it covers. Its brightness is indicated by its vertical 
depth in the engraving. The most characteristic or important 
lines are designated by the Greek numerals. Special notice of 
them is giver in Section III. 

In using the spectroscope it is not always sufficient to per 
ceive a line with its appropriate color; its position-with rela- 
tion to known standards must be likewise ascertained. This is. 
done by making for each spectroscope a diagram of the spectra, 
similar to plate I. For most purposes it is, however, only 
needful to map the more important lines. Any arbitrary scala 
being drawn, the lines are placed against degrees corresponding 
to those seen in the spectroscope, when beads of the purest. ac- 
cessible compounds of the various alkali and alkali-earth metals. 
are placed in the flame. To insure uniformity the left edge of 


the sodium line, which is rarely absent even in specially pre- 


pared salts, is brought to coincide with the degree 50° or 100° 
of the scale of the instrument. To the position once adopted 
the scale must always be brought before taking observations, if 
by any means it has been disturbed. 

With aid of the spectroscope we are able to detect quantities. 
of substances that are not recognizable in. any other manner. 
The results possess the utmost certainty. and are arrived at in a 
few moments. ; i . 


APPENDIX TO SECTION I. 
§ 18. 
APPARATUS. 


The followmeg list includes the articles actually required for 


_ the performance of simple experiments and investigations : 


1. A Berzerwws Sprrir-Lamp (§ 16, Fig. 15). 
3 
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2. A Grass Spreir-Lamp (§ 16, Fig. 17). Or, instead. of these 
two, where coal-gas is procurable, a Bunsen’s Gas-lamp—best 
one with chimney (§ 16, Figs. 18, 19, and 28). 

3. A BLOwPIPE (see § 15). 

4, A PLATINUM CRUCIBLE which will contain about a quarter 
of an ounce of water, with a cover shaped like a shallow dish. 

5. Puatinum For, as smooth and clean as possible, and not 
too thin; length about 40 mm.; width about 25 mm. 

6. PLatrnum wire (see pp. 21 and 27). Three stronger wires 
and three finer wires are amply sufficient. They are kept most 
conveniently in a glass half filled with diluted acid; the wires 
may thus be kept clean. 

7. A STAND WITH TWELVE OR MORE TEST-TUBES. 16 to 18 cm. 
is the proper length of the 
tubes; from 1 to 2 cm. the 
proper width. The tubes 
must be made of thin white 

lass, and well annealed. 

he rim must be quite round, 
and slightly flared. The 
stand shown in Fig. 31 will 
be found most suitable. 

8. SEVERAL NESTS OF BEAK- 
ERS AND A DOZEN SMALL 

Fig. 81. FLASKS of thin, well-annealed 
glass. 

9. SEVERAL NESTS OF PORCELAIN EVAPORATING DISHES, AND A 
DOZEN SMALL PORCELAIN ORUCIBLES. Those of the royal manu- 
facture of Berlin are unexceptionable, both in shape and dura- 
bility. 

10. SEVERAL GLASS FUNNELS of various sizes. They must 
be inclined at an angle of 60°, and merge into the neck at a 
definite angle. : 

11. A wasuinc-BorrLe of a capacity of from 500 to 800 c.c. 
see § 4 
12. A FEW POUNDS OF GLASS TUBES AND SOME GLASS RODS. 
The former may be bent, drawn out, ete., over a Berzelius lamp 
or gas-lamp ; the latter are rounded at the ends by. fusion. 

13. A selection of WATOH-GLASSES. 

14. A small aGaTE MORTAR. 

15. A srEEL or BRAss PrNcERS about four or five inches 
long. 

16. A WOODEN’ FILTER-STAND (see § 5). 

17. A rrirop of thin iron, to support the dishes, etc., which 
it is intended to heat over the small spirit or gas lamp. 

18. The cororEp @iAssus described in § 17, especially blue 
and green. 
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SECTION II. 
REAGENTS. 
§ 19. 


A variety of phenomena may manifest themselves upon the 
decomposition or combination of bodies. In some cases liquids 
change their color; in others precipitates are formed ; some- 
times effervescence takes place, and sometimes deflagration, etc. 
Now, if these phenomena are very striking, and attend only 
upon the action of two definite bodies upon one another, it is 
obvious that the presence of one of these bodies may be de- 
tected by means of the other. If we know, for instance, that 
a white precipitate of certain definite properties is formed upon 
mixing baryta with sulphuric acid, it is clear that, if upon add- 
ing baryta to any liquid we obtain a precipitate exhibiting 
these properties, we may conclude that this liquid contains sul- 
phuric acid. : 

Those substances which indicate the presence of others by 
any striking phenomena are called reagents. 

According to the different objects attained by the application 
of these bodies, we make a distinction between, general and 
special reagents. By general reagents we understand those 
which serve to determine the class or group to which a sub- 
stance belongs; and by special reagents those which serve to 
detect bodies individually. That the line between the two 
divisions cannot be drawn with any degree of precision, and 
that one and the same substance is often made to serve both as 
a general and a special reagent, cannot well be held a valid ob- 
jection to this classitication, which is simply intended to induce 
a habit of employing reagents always for a settled purpose— 
viz., either simply to find out the group to which the substance 
belongs, or to determine the latter individually. 

Whilst the usefulness of general reagents depends principally 
upon their efficiency in strictly characterizing groups of bodies, 
and often effecting a complete separation of the bodies belong- 
ing to one group from those belonging to another, that of 
special reagents depends upon their being characteristic and 
sensitive. We eall a reagent characteristic if the alteration 
produced by it, in the event of the body tested for being pres- 
ent, is so distinctly marked as to admit of no mistake. ‘Thus 
iron is a characteristic reagent for copper, stannous chloride for 
mercury, because the phenomena produced by these reagents— 
viz., the separation of metallic copper and of globules of mer- 
cury—admit of no mistake. We call a reagent sensitive or 
delicate if its action is distinctly perceptible, even though a very 
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minute quantity only of the substance tested for be present ; 
such is, for instance, the action of starch upon iodine. 

Very many reagents are both characteristic and delizate ; 
thus, for instance, auric chloride for stannous salts, potassium 
ferrocyanide for ferric and cupric salts, ete. 

I need hardly mention that, as a general rule, reagents must 
be chemically pure—z.e., they must consist purely and simply 
of their essential constituents, and must contain no admixture 
of foreign substances. We must therefore make it an invari- 
able rule to test the purity of our reagents before we use them, 
no matter whether they be articles of our own production 
or purchased, Although the necessity of this is fully admitted 
on all hands, yet we find that in practice it is too often neg- 
lected ; thus it is by no means uncommon to see aluminium 
entered among the substances detected in an analysis, simply 
because the solution of sodium hydroxide used as one of the 
reagents happened to contain that element; or iron, because the 
ammonium chloride used was not free from that metal. The 
directions given in this section for testing the purity of the 
several reagents refer, of course, only to the presence of foreign 
matter resulting from the mode of their preparation, and not to 
mere accidental admixtures. 

One'of the most common sources of error in qualitative analy- 
sis proceeds from missing the proper measure—the right quan- 
tity—in the qpplication of reagents. Such terms as “ addition 
im excess,’ “ supersaturation,’ ete., often induce novices to 
suppose that they cannot add too much of the reagent, and thus 
some will ji/ a test tube with acid, simply to supersaturate a 
few drops of an alkaline fluid, whereas every drop of acid 
added, after the neutralization point has once been reached, is 
to be looked upon as an excess of.acid. On the other hand, the 
addition of an insufficient amount is to be equally avoided, since 
a reagent added in insufficient quantity often produces phenom- 
ena quite different from those which will appear if the same 
reagent be added in excess: ¢.g., a solution of mercuric chloride 
yields a white precipitate if tested with a small quantity of hy- 
drogen sulphide; but if treated with the same reagent ¢n excess, 
the precipitate is black. Experience has, however, proved that 
~ the most common mistake beginners make, is to add the re- 
agents too copiously. One reason why this over-addition must 
impair the accuracy of the results is obvious; we need simpl 
bear in mind that the changes effected by reagents are percepti- 
ble within certain limits only, and that therefore they may be 
the more readily overlooked the nearer we approach these limits 
by diluting the fluid. Another reason is in the fact that a 
large excess of a reagent will often have a solvent or modifying 
action upon a precipitate or color, and will entirely prevent the 
exhibition of phenomena which a suitable quantity would with- 
out ditliculty produce. ; Se 
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No special and definite rules can be given for avoiding this 
source of error; a general rule may, however, be laid down, 
which will be found to answer the purpose, if not in all, at least 
in the great majority of cases. It issimply this: let the student 
alwars reflect before the addition of a reagent for what purpose 
he applies it, what are the phenomena he intends to produce, 
and what are the results of the addition of excess. 

We divide reagents into two classes, according to whether 
the fluidity which is indispensable for the action of reagents 
upon the various bodies, is brought about by the application of 
heat, or by means of liquid solvents; we have consequently, 
1, Reagents in the wet way; and 2, Reagents in the dry way. 
For greater clearness we subdivide these two principal classes 
as follows: 


A. REAGENTS IN THE WET WAY. 
I. Surere Soxvenrs. 


II. Cotorrne Matters AND INDIFFERENT VEGETABLE SvB- 
STANCES. 


Iii. Acms and Hatocens. 


a. Oxygen acids. 
b. Hydrogen acids and halogens. 
¢. Sulphur acids. 


IV. Bases, Merars, and Surpass. 
a. Oxygen bases and metals. 
&. Sulphides. 

V. Saris. | 
a. Of the alkali-metals. 


6. Of the alkali-earth metals. 
e. Of the heavy metals. 


B. REAGENTS IN THE DRY WAY. 
I. Fiuxes. 


Il. Browrrsr Recents. 


A. REAGENTS IN THE WET WAY. 
I. Smretze Berta: | 


_ Simple solvents are fluids which do not enter into chemical 
combination with the bodies dissolved in them; they will ac- 
cordingly dissolve any quantity of matter up to a certain limit, 
_ which is called the point of saturation, and is in a measure de- 
pendent upon the temperature of the solvent. The essential 
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and characteristic properties of the dissolved substances (taste. 
reaction, color, etc.) are not destroyed by the solvent. (See § 2.} 


§ 20. 


1. Warer, H,0. 


Preparation.—Pure water is obtained by distilling spring 
water from a copper still with head and condenser made of pure 
tin. The distillation is carried to about three-fourths of the 
quantity operated upon. If it is desired to have the distilled 
water perfectly free from carbonic acid and ammonium 
carbonate, the portions passing over first must be rejected. In 
the larger chemical laboratories, distilled water is obtained from 
the steam apparatus which serves for drying, etc. Rain wate1 
collected in the open air may in many cases be substituted for , 
distilled water.* 

Tests.—It must be colorless, odorless, and tasteless, and should 
not leave the smallest residue when evaporated in a platinum 
vessel.t It should not be changed by ammonium sulphide 
(copper, lead, iron), nor rendered turbid by baryta water (car- 
bonic acid). No cloudiness should be caused even after long 
standing by the addition of ammonium oxalate, of barium 
chloride and hydrochloric acid (sulphuric wk of silver nitrate 
and nitric acid (chlorides), or of mercuric chloride and sodium 
carbonate (ammonia). 

Uses.—We use water t principally as a simple solvent for a 
great variety of substances ; the most convenient way of using it 
1s with the washing-bottle (see § 7, Fig. 4), by which means a 
stronger or finer stream may be obtained. It serves also to 
effect the conversion of several neutral metallic salts (more par- 
ticularly antimony trichloride and the salts of bismuth) into 
soluble acid and insoluble basic compounds. | 


§ 21. 
2. Ernyt Atconot, O,H,.OH. 


Preparation.—Two sorts of alcohol are used in chemical 
analyses: viz., lst. Commercial “95 per cent. alcohol,” which 
really contains 93 to 94 per cent. of alcohol by weight; and 
2d, absolute alcohol. The latter may be prepared most con- 


* As regards the preparation of water absolutely free from organic matter, 
see Stas, Zeitschrift f. anal. Chem. 6, 417. 

+ Ordinary distilled water rarely fails to leave some slight residue on evapora- 
tion ; but this does not interfere with its ordinary uses in chemical analysis. —ED. 

¢ In analytical experiments we use only distilled water; whenever, there. 
fore, the term water occurs in the present work, distilled water is meant. 


§ 22.] CARBON DISULPHIDE. ae 


veniently by placing in a flask or tin can 800 grms of good 
quick-lime in coarse powder or small lumps, adding 1 liter of 
“95 per cent, alcohol,” connecting the vessel with the lower 
end of a condenser like lig. 8, and keeping its contents boiling 
on a water bath for an hour. The can is then connected to the 
upper end of the condenser, and the dehydrated alcohol distilled 
off into a bottle for use—ErLenmMeyer ; J. Lawrence Suiru. 

Tests.—Pure alcohol must completely volatilize, and ought not 
to leave a smell of fusel-oil when rubbed between the hands; 
nor should it alter the color of moist blue or red Jitmus paper. 
When kindled, it must burn with a faint bluish, barely percepti- 
ble flame. 

Uses.—Alcohoi serves (a) to effect the separation of bodies 
soluble in this fluid from others which do not dissolve in it, 2.7., 
of strontium chloride from barium chloride; (0) to precipitate 
from aqueous solutions many substances which are insoluble in 
dilute alcohol, ¢.g., gypsum, calcium malate; (¢) to produce vari- 
ous kinds of ether, ¢.g., ethyl acetate, which is characterized by 
its peculiar and agreeable smell; (@) to reduce, mostly with the 
co-operation of an acid, certain peroxides and metallic acids, ¢.., 
lead dioxide, chromic acid, ete. ; (¢) to detect certain substances 
which impart a characteristic tint to its flame, especially boric 
acid, strontium, potassium, sodium, and lithium, 


§ 22. 
3. Erayz Erusr, (C,H,), O. 
4, Cutorororm, CHC\l,. 
5. Carson Disvipurps, CS,. 


These solvents find but limited application in the qualitative 
analysis of inorganic bodies. They serve indeed almost exclu. 
sively to detect and isolate bromine and iodine. Chloroform 
and carbon disulphide are preferable to ether in this respect. 
The latteris used for the detection of chromic acid by means of 
hydrogen dioxide. These preparations are best procured by 
purchase. 

Tests.—LEther must have a specific gravity of .713 at 20°, and 
require 9 parts of water for solution. The solution must not 
alter the color of test papers. Ether must, even at the common 
teinperature, rapidly and completely evaporate on a watchi- 
glass. Chloroform must be colorless and transparent and have 
a specific gravity of 1.48. It must have no acid reaction, nor 
impair the transparency of solution of nitrate of silver. Mixed 
with 2 vols. of water, and shaken, its volume must not appear 
perceptibly diminished. It must even at the common tempera 
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ture readily and completely evaporate on a watch-glass. Carbon 
disulphide should be colorless, completely volatile even at 
the common temperature, and exercise no action upon lead car- 
bonate. If yellow, it may be purified by agitating with, and 
distilling from mercury. 


If. COLORING MATTERS AND INDIFFERENT 
VEGETABLE SUBSTANCES. , 


§ 23. 
1. Test Papers. 
a. Buve Lirmvus PAPER. 


Preparation.—Digest 1 part of litmus of commerce with 6 
parts of water, and filter the solution ; divide the intensely blue: 
filtrate into 2 equal parts; saturate the free alkali in the one 
by repeatedly stirring with a glass rod dipped in very di- 

ute sulphuric acid, until the color of the fluid just appears red ; 

add now the other part of the blue filtrate, pour the whole fluid 
into a dish, and draw strips of filter paper through it ; suspend 
these slips over threads and leave them to dry. The color of 
erap paper must be uniform, and neither too light nor too 
dark. 

Uses.—Litmus paper serves to detect the presence of free 
acids which change its blue color to red. It must be borne in 
mind, however, that many metallic salts produce the same 
effect. | 

8. Reppenep Lirmus Paper. 


Preporation.—Stir blue solution of litmus with a glass rod 
dipped in dilute sulphuric acid, and repeat this process until the 
- fluid has just turned distinctly red. Steep slips of paper in the 
solution, and dry them asin a. The dried slips must look dis- 
tinctly red. 

Uses—Pure alkalies and alkaline earths, and also the sul- 
phides of their metals, give a blue color to red litmus paper ; 
alkali-carbonates and the soluble salts of several other weak 
acids, especially of boric acid, possess the same property. This 
reagent serves therefore for the detection of these bodies in 
general. 

y. Turmerto Paper. 


Preparation.—Digest and heat 1 part of bruised turmeric root 
with four parts of alcohol, and two of water, filter the tincture 
obtained, and steep slips of fine paper in the filtrate. The 
dried slips must exhibit a fine yellow tint. - | 


§ 24; 25.] ACIDS AND HALOGENS. 4i 


Uses.—Turmeric paper serves for the detection of free alka- 
lies, which change its yellow color to brown. It is not so deli- 
eate a test as the other reagent papers; but the change of color 
is highly characteristic, and is very distinctly perceptible in 
many colored fluids; we cannot well dispense, therefore, with 
this paper. When testing with turmeric paper, it is to be borne 
in mind that, besides the substances enumerated in /, several 
other bodies (boric acid, for instance) possess the property of 
turning its yellow color to brown-red. It affords an excellent 
means for the detection of the latter substance. 

All test papers are cut into slips, which must be kept in well- 
closed boxes, or in black bottles away from light and fumes. 


§ 24. 
2. Sczution or Inpico. 


Preparation.—Take from 4 to 6 parts of fuming sulphuric 
acid, add slowly, and in small portions at a time, 1 part of 
finely pulverized indigo, taking care to keep the mixture well 
stirred. The acid has at first imparted to it a brownish tint by 
the matter which the indigo contains in admixture, but it sub- 
sequently turns deep blue. Elevation of temperature to any 
considerable extent must be avoided, as part of the indigo is 
thereby destroyed; it is therefore advisable, when dissolving 
larger quantities of the substance, to place the vessel in cold 
water. When the whole of the indigo has been added to the 
acid, cover the vessel, let it stand forty-eight hours, then pour 
its contents into 20 times the quantity of water, mix, filter, and 
keep the tiltrate for use. | 

ee iaiico is decomposed by boiling with nitric acid, 
yellow-colored oxidation .products being formed. It serves, 
therefore, for the detection of nitric acid. Solution of indigo 
is also well adapted to effect the detection of chloricacid and of 
free chlorine. 


III. Actos ann Hatoagens. 
8 25. 


The acids which are used as reagents are soluble in water. 


_ The solutions taste acid and redden blue litmus paper, and are 


commonly designated by the simple name of the free acid, as 
the accession of water does not destroy their acid properties. 
Acids are divided into oxygen acids, sulphur acids, and hydro- 
gen acids. Pike 

_ [Oxygen acids (or oxacids) consist of acid or negative radicals 
united to hydrogen by ineans of oxygen. In other words, they 
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are compounds of negative radicals with hydroxyl (OH). 
They are acid hydroxides. 

Oxygen bases, are compounds of basic (positive) radicals with 
hydroxyl. 

In most cases the oxygen acids may be formed bythe reaction 
of an oxide of an electro-negative element (anhydride) upon water. 


NO, + HO = 2(NO,0P) 

Nitric pentoxide. Water. Nitric acid. 
sO, + H,O = 80,<of 
Sulphur Water. Sulphuric 
trioxide. acid. 


The oxygen bases, or basic hydroxides, may also result from 
the action of an oxide of an electro-positive element upon water, 
KO +- 140 = 208, 

Potassium Potassium 
monoxide. hydroxide. 

Oxygen acids are mono, di, and tz, or more basic, and oxygen 
bases are mon, di, tri, and more acid according as they contain 
one, two, three, or more hydroxyls united respectively to univ- 
alent, bivalent, or trivalent radicals. 

When oxygen acids act upon metallic oxides or hydroxides, 
the metal ot the latter takes the place of hydrogen, and an oxy- 
gen salt is formed, while at the same time water is produced. 


NOOH + °KOH = “NO,OK “L Ho) 
Nitric acid. Potassium Potassium. Water. 
hydroxide. nitrate. . 
SO0,(OH),+ K,O = 80,OK), + H,0, and 
Sulphuric Potassium Potassium 
acid, monoxide. sulphate. 
S0(0H), + KOH = s0,<0H 4 Ho 
Potassium Hydrogen 
hydroxide.. potassium sulphate. | 
OH OH O | 
Zinc hydroxide. Zinc sulphate 
(normal. ) 
on. com oer 
80,<o4 + 2(dn <r =, 0780, + 21,0 
"<OH 
Zinc sulphate 
(basic. ) 


By the mutual action of acids or negative oxides, and bases or 
posit.ve oxides, three classes of salts are produced, viz., normal, 
acid, and basic. Normal salts are those in which the acid and 
base saturate each other, in which, therefore, all the hydroxyls, 
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whether of acid or base, are eliminated (in the form of water) 
and the acid radical remains united to metal by means of oxy- 

en, ¢.g., potassium nitrate and potassium and zine sulphates 
ie above). ; 

Acid salts are those which retain a part of the acid hydroxy]l.. 
é.g. hydrogen potassium sulphate. Basic salts are those in which 
a part of the hydroxyl of the base, or of the oxygen of the 
positive oxide, remains in the combination e.g. basic zine sul- 
phate. (See previous page.) 

The reaction towards test papers of soluble salts is either 
acid, neutral, or alkaline, according as the salt is acid, normal, 
or basic, or according to the more or less pronounced acidity or 
basicity of the acid and basic radicals.—Eb. ] 

' The hydrogen acids are formed by the combination of the 
halogens with hydrogen. Most of tuese possess the character- 
istic properties o: acids in a high degree. They neutralize oxy- 

en bases with formation of haloid salts and water; 2 H Cl and 
Na, O = 2 Na Cl and H, O;— 6 HCl and Fe, O, = Fe, Cl, 
ana 3 H,O. The haloid salts produced by the action of pow- 
erful hydrogen acids upon strong bases have a neutral reaction ; 
whilst the solutions of those haloid salts that contain weakly 
basic elements (such as aluminium and iron) have an acid reaction. 

[The sulphur acids may be regarded as compounds of negative 
radicals with hydrosulphuryl (S H) eg. sulphocarbonic acid 


_CS(S BH), and hydrosulphuric acid (hydrogen sulphide) IH (S H). 


4 


Sulphur bases are K (S H), Ca (S H), ete. Sulphur salts re- 
sult from the reaction of sulphur acids upon sulphur bases. 
Most sulphur salts, however, are produced by the action of 
negative anhydrosulphides on sulphur bases, or on positive 
anhydrosulphides, ¢.g: 


As, 8, + 6(K § H) = 2[As S (SK),]+3H,5. 
Arsenic Potassium otassium Hydrogen 
sulphide. hydrosulphide, sulpharsenate. § sulphide.—ED.] 


§ 26. 
1. Sutpuurio Acw, H,S O, or S O, (O H), 


We use— 

a. Concentrated sulphuric acid of commerce. 

b. Concentrated pure sulphuric acid. 

The following methods may be recommended for preparing 
chemically pure sulphuric acid : 

a. Put 1000 grm. of ordinary concentrated sulphuric acid in 
a on dish, add 3 grm. of sulphate of ammonium, and heat 
till copious fumes of sulphuric acid begin to escape in order to 
destroy the oxides of nitrogen which are present. After cool- 
ing, add 4 or 5 grm. of powdered manganese dioxide, and heat 
to boiling with stirring, in order to convert any arsenious acid 
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into arsenic acid. When cool pour off the clear fluid by means 
of a long funnel tube into a retort coated with clay. The re- 
tort should not be more than half full, and is to be heated 
directly over charcoal. To prevent bumping, rest the retort on 
. an inverted crucible cover,so that the sides may be more heated 
than the bottom. The neck of the retort must reach so far into 
the receiver that the acid distilling over drops directly into the 
body. To cool the receiver by means of water is unecessary 
and even dangerous. To prevent the receiver coming into act- 
ual contact with the hot neck of the retort, some asbestos in 
large fibres is placed between them. When about 10 or 15 grm. 
has been drawn over, change the receiver and slowly distil off 
three-fourths of the contents of the retort. This method de- 
pends on th fact discovered by Bussy and Buiener, that on dis- 
tilling sulphuric acid which contains arsenic in the form of 
arsenic acid an arsenic-free distillate is obtained. 

f. Pour into 4 parts of water 1 part of concentrated sul- 
phuric acid, and conduct into the mixture for some time a 
slow stream of hydrogen sulphide, keeping the fluid heated to 
70°. Let, the mixture stand at rest for several days, then de- 
cant the clear supernatant fluid from the precipitate, which con- 
sists of sulphur, lead sulphide, perhaps also arsenic sulphide, 
and heat the decanted fluid in a tubulated retort with upturned 
neck and open tubulature until sulphuric acid fumes escape with 
the aqueous vapor. The acid so purified is fit for many pur- 
poses of chemical analysis; if it is wished, however, to free ite 
also from non-volatile substances, it may be distilled from 
a coated retort as ina. As soonas the drops in the neck of tlie 
retort become oily, the receiver is changed, and the concentrated 
acid which then passes over is kept in a separate vessel. 

ce. Common dilute sulphuric acid—Add to 5 parts of water 
in a thin glass or porcelain dish gradually, and whilst stirring, 1 
part of concentrated sulphuric acid. The lead sulphate which 
separates is allowed to subside, and the clear fluid finally de- 
canted. 

Yests.—Pure sulphuric acid must be colorless ; when colorless 
solution of ferrous sulphate is poured upon it in a test tube, no 
brown tint must mark the plane of contact of the two fluids 
(nitric acid, nitrous acid); when diluted with twenty parts of 
water it must not impart a blue tint to a solution of potassium 
iodide (see § 158) mixed with starch paste (nitrous acid). Mixed 
with pure zinc and water, it must yield hydrogen gas, which, on be- 
ing passed through a red-hot tube, must noi deposit the slightest 
trace of arsenic. It must leave no residue upon evaporation on 
rlatinum, and must remain perfectly clear upon dilution with 

our or five parts of alcohol (lead, iron, calcium). The presence 
of. small quantities of lead is detected most. easily by notin 
some hydrochloric acid to the sulphuric acid in a test tube. I 
the plane of contact is marked by turbidity (lead chlorid:), lead 
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is present. Sulphurous acid is discovered by the odor after 
shaking the acid in a half-filled bottle. 

Uses.—Sulphuric acid has for most bases a greater affinity 
than almost any other acid; it is therefore used principally for 
the liberation and expulsion of other acids, especially phos- 
phorie, boric, hydrochloric, nitric, and acetic acids. Oxalic acid 
and many other substances are decomposed when brought into 
contact with concentrated sulphuric acid. The nature of the 
decomposed body may in such cases be inferred from the prod- 
ucts of decomposition. Sulphuric acid is also used for the 
evolution of certain gases, more particularly of hydrogen and 
hydrogen sulphide. It serves also as a special reagent for the 
detection and precipitation of barium, strontium, and lead. 


g 97. 
9. Nrretc Ac, H N O, or N O,. O H. 


Preparation —a. Heat erude nitric acid of commerce, as free 
as possible from chlorine, and of a specific gravity of at least 
1.31,* in a glass retort to boiling, with addition of some potas- 
sium nitrate; let the distillate run into a receiver kept cool, and 
try from time to time whether after dilution it still continues to 
precipitate or cloud solution of silver nitrate. As soon as this 
ceases to be the case, change the receiver, and distil until a 
trifling quantity only remains in the retort. Dilute the distil- 
late with water until the specific gravity is 1.2. 

b. Dilute crude nitric acid of commerce of about 1.38 specific 
gravity with two-fifths of its weight of water, and add solution 
of silver nitrate as long as a precipitate of silver chloride con- 
tinues to form ; then add a further slight excess of solution of 
silver nitrate, let the precipitate subside, decant the perfectly 
clear supernatant acid into a retort or an alembic with ground 
head; add some potassium nitrate free from chlorine, and distil 
until onlya sacl earitity remains, taking care to attend to the 
_ proper cooling of the fumes distilling over. Dilute the distil- 
late, if necessary, with water until it has a specific gravity of 1.2. 
_  Tests—Pure nitric acid must be colorless and leave no resi- 
_ due upon evaporation on platinum foil. Solution of silver 

nitrate or of barium nitrate must not cause the slightest turbid- 
ity in it. Dilute the acid with water before adding these re- 
_ agents, as otherwise nitrates will precipitate. Silver should be 
_ tested for by hydrochloric acid. 
Uses.—-Nitric acid serves as a chemical solvent for metals, 
_ oxides, sulphides, oxygen salts, etc. With metals and sul- 


an ee 


4 - * A weaker acid will not answer the purpose. The “parting acid” used in 
Assay Offices, of sp.gr. 1. 4 commonly contains no impurities but a trace of chl> 


rine, and answers for most.analytical uses. 
rae 
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phides of metals the acid first oxidizes the metal present, at the 
expense of part of its own oxygen, and dissolves it as nitrate. 
Most oxides are dissolved by nitric acid at once as nitrates; and 
so are also most of the insoluble salts with weaker acids, the 
latter being expelled in the process by the nitric acid. Nitric 
acid dissolves m salts with soluble non-volatile acids, as, ¢.9., 
calcium phosphate, with which it forms calcium nitrate and acid 
calcium phosphate. Nitric acid is used also as an oxidizing 
agent: for instance, to convert ferrous oxide into ferric oxide 
stannous oxide into stannic oxide, etc. 


§ 28, 
8. Aortic Aci, C, H, O, or CH,.C O O H. 


The No. 8 acetic acid of commerce which contains 30 per 
cent. of O, H, O,, and has a specific gravity of 1.04, answers 
most purposes of analysis. 

Tests.—Pure acetic acid must leave no residue upon evapora- 
tion, and—after saturation with sodium carbonate —emit no 
empyreumatic odor. Hydrosulphuric acid, solution of silver 
nitrate, and solution of barium nitrate must not color or cloud 
the dilute acid, nor must ammonium sulphide after neutraliza- 
tion of the acid by ammonia. Solution of indigo must not 
lose its color when heated with the acid. Empyreumatic mat- 
ter is best detected by neutralizing the. acid with sodium car- 
bonate, and adding solution of potassium permanganate. If 
the solution loses its color and afterwards deposits a brown pre- 
cipitate, empyreumatic matter is present. 

If the acid is not pure, add some sodium acetate and redistil 
from a glass retort not quite to dryness; if it contains sulphur 
dioxide (in which case hydrogen sulphide will produce a white 
turbidity in it), digest it first with lead dioxide or finely pulver- 
ized manganese dioxide, and then distil with sodium acetate. 

Uses.—Acetic acid possesses a greater solvent power for some 
substances than for others; it is used therefore to distinguish 
the former from the latter ; thus it serves to distinguish calcinm 
oxalate from calcium phosphate. Acetic acid is used also to 
acidulate fluids where it is wished to avoid the employment of 
mineral acids. 


§ 29. 
4, Tartaric Acm, C, H, O,.* 
The tartaric acid of commerce is sufficiently pure. It is kept 


CH(OH)-COOH 


* 
 bHOm-COOn 
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in powder, as its solution suffers decomposition after a time. 
For use it is dissolved in a little water with the aid of heat. 

Uses—The addition of tartaric acid to solutions of salts of 
various metals, especially of iron and aluminium, prevents the 
usual precipitation of these metals by an alkali; this non-pre- 
cipitation is owing to the formation of double tartrates, which 
are not decomposed by alkalies. 

‘Tartaric acid may therefore be employed to effect the separa- 
tion of these metals from others the precipitation of which it 
does not prevent. Tartaric acid forms a difficultly soluble salt 
with potassium, but not so with sodium; it is therefore one of 
our best reagents to distinguish between the two metals. Acza 
sodium tartrate answers this latter purpose still better than 
the free acid. This reagent is prepared by dissolving one 
of two equal portions of tartaric acid in water, neutralizing with 
sodium carbonate, then adding the other portion of the acid, and 
evaporating the solution to the crystallization point. For use, 
1 part of the salt is dissolved in 10 parts of water. 


6. Hyprogen Acips AnD HaALogens. 


§ 30. 
1. Hyprocutortc Acm or Hydrogen Chloride, H Cl. 


Preparation.—Pour a cooled mixture of seven parts of con 
centrated sulphuric acid and two parts of water over four parts 
of sodium chloride in a retort ; expose the retort, with slightly 
raised neck, to the heat of a sand-bath until the evolution of 
gas ceases ; conduct the evolved gas, by means of a bent tube, 
into a flask containing six parts of water, and take care to keep 
this vessel constantly cool. To prevent the gas from receding 
the tube ought to dip but about one line into the water of the 
flask. When the operation is terminated, try the specific grav- 
ity of the acid produced, and dilute with water until it marks 
from 1.11 to 1.12. If you wish to ensure the absolute purity 
of the acid, and its perfect freedom from every trace of arsenic 
and chlorine, you must take care to free the sulphuric acid in- 
tended to be used in the process from arsenic and the oxygen 
compounds of nitrogen, according to the directions of § 26. A 
pure acid may also be prepared cheaply from the crude hydro- 
chloric acid of commerce by diluting the latter to a specific 
gravity of 1.12, and distilling the fluid, with addition of some 
ehloride of sodium. Or you may put the acid into the retort in 
the concentrated form, placing 60 parts of water into the re- 
ceiver for every 100 parts of concentrated acid, and not luting 
the receiver to the retort. If the crude acid contains chlorine 
this should be removed first by cautious addition of solution of 


48 REAGENTS. [$ 31. 


sulphur dioxide, before proceeding to the distillation; if, on 
the other hand, it contains sulphur dioxide, this is removed in 
the same way by cautious addition of some chlorine water. 
Hydrochloric acid not unfrequently contains arsenious chloride, 
owing to the presence of arsenic in the sulphuric acid employed. 
To free it from this impurity, the acid is mixed with twice its 
volume of water, hydrogen sulphide is conducted into it, the 
mixture allowed to stand at rest for some time, the clear fluid 
then decanted from the sulphur and arsenious sulphide, anc 
heated, to expel the hydrogen sulphide. 

Tests.—Hydrochloric acid must be perfectly colorless and 
leave no residue upon evaporation. If it turns yellow on evap- 
oration, ferric chloride is present. It must not impart a blue 
tint to a solution of potassium iodide mixed with starch paste 
(chlorine or ferric chloride), nor discolor a fluid made faintly 
blue with iodized starch (sulphur dioxide). Barium chloride 
ought not to produce a precipitate in the highly diluted acid 
(sulphuric acid). Hydrogen sulphide must leave the diluted 
acid unaltered (arsenic). After neutralization with ammonia, 
ammonium sulphide must produce no change in it (iron, 
thallium). 

Uses.—Hydrochloric acid serves as a solvent for many sub- 
stances. It dissolves many metals and sulphides of metals as 
chlorides, with evolution of hydrogen or of hydrogen sulphide. 
It dissolves metallic oxides and peroxides in the form of 
chlorides, in the latter case mostly with liberation of chlorine. 
Salts with insoluble or volatile acids are also converted by 
hydrochloric acid into chlorides, with separation of the original 
acid ; thus calcium carbonate is converted into calcium chloride, 
with liberation of carbon dioxide. Hydrochloric acid dissolves 
salts with non-volatile and soluble acids apparently without de- 
composing them (e. g. calcium phosphate); but the fact is that 
in cases of this kind a metallic chloride and a soluble acid salt 
of the acid of the dissolved compound are formed; thus, for in- 
stance, in the case of calcium phosphate, calcium chloride and 
acid calcium phosphate are formed. With salts of acids forming 
nosoluble acid compound with the base present, hydrochloric acid 
forms metallic chlorides, the liberated acids remaining free in 
solution (calcium borate). Hydrochloric acid is also applied asa 
special reagent for the detection and separation of silver, mer- 
cury, and Jead, and likewise for the detection of free ammonia, 
with which it produces in the air dense white fumes of ammo-. 
nium chloride. 


§ 31. 
2. Cutorme, (Cl) anp Cutorive Warr. 


- Preparation.— Mix 18 parts of common salt in lumps with 


§ 32.] NITRO-HYDROCHLORIC ACID. 49 


15 parts of finely pulverized good manganese dioxide, free from 
calcium carbonate; put the mixture in a flask, pour a com~ 
pletely cooled mixture of 45 parts of concentrated sulphuric acid 
and 21 parts of water upon it, and shake the flask: a uniform 
and continuous evolution of chlorine gas will soon begin, which, 
when slackening may be easily increased again by the applica- 
tion of a gentleheat. This method of Wicerrs is excellent, and 
can be highly recommended. Conduct the chlorine gas evolved 
first through a flask containing a little water, then into a bottle 
filled with cold water, and continue the process until the fluid 
is saturated. Where it is desired to obtain chlorine water quite 
free from bromine, the washing flask is changed after about 
one-half of the chlorine has been expelled, and the gas which 
now passes over is conducted into a fresh bottle filled with 
water. If the chlorine water is to be quite free from hydro- 
chloric acid, the gas must be passed through a U tube containing 
manganese dioxide. The chlorine water must be protecte 
from the action of light; since, if this precaution is neglected, 
it speedily suffers complete decomposition, being converted into 
_ dilute hydrochloric acid, with evolution of oxygen (resulting 
from the decomposition of water). Smaller quantities, intended 
for use in the laboratory, are best kept in a stoppered bottle 
sacra by a case of pasteboard. Chlorine water which has 
ost its strong peculiar odor is unfit for use. 

Pa hiccins has a greater affinity than iodine and bromine 
for metals and for hydrogen. Chlorine water is therefore an 
- efficient agent to effect the expulsion of iodine and bromine 
from their compounds. Chlorine serves moreover to effect the 
solution of certain metals (gold, platinum), to decompose 
metallic sulphides, to convert sulphurous acid .into sulphuric 
acid, ferrous into ferric oxide, etc. ; and also to effect the de- 
struction of organic substances, as in presence of these it with- 
draws hydrogen from the water, enabling thus the liberated 
oxygen to combine with the vegetable matters, and to effect 
their decomposition. For this latter purpose it is often advisa- 
ble to evolve the chlorine in the fluid which contains the organic 
substances; this is effected by adding hydrochloric acid to the 
_ fluid, heating the mixture, and then adding potassium chlorate. 

This gives rise to the formation of potassium chloride, water, 
free chlorine, and chlorine tetroxide, which acts in a similar 
manner to chlorine. 


§ 32. 
8. Nrrro-Hyprocutorio Aci. Agua regia. 
Prsparation.—Mix 1 part of pure nitric acid with from 3 
to oe of pure hydrochloric acid. 


ses —Nitric acid and hydrochloric acid decompose each other, 
4 
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the decomposition mostly resulting, as Gay-Lussao has shown, in 
the formation of two compounds which are gaseous at the ordi- 
nary yg uae N O Cl, and N O Cl, and of free chlorine and 
water. Thus,2(N O,.O0 H)+ 6 (H Cl) = 4(H, 0)+-N OCI 
+NOCl,+3 (Cl). This decomposition ceases as soon as the 
fluid is saturated with the gas; but it reeommences the instant 
this state of saturation is disturbed by the application of heat or 
by decomposition of theacid. The presence of the free chlorine, 
and also, Mas in a subordinate degree, that of the acids named, 
makes aqua regia our most powerful solvent for metals (with 
the exception of those which form insoluble compounds with 
chlorine). Nitro-hydrochloric acid serves cise to effect 
the solution of gold and platinum, which metals are insoluble 
both in hydrochloric and in nitric acid ; and also to decompose 
various metallic sulphides, e. g. cinnabar, pyrites, ete. 


§ 33. 
4. Hyprorivuosmicic Aomw, H, Si F,. 


Preparation.—Take 1} part of powdered glass, or 1 part of 
powdered ignited flint, or 1 part of quartz man Whichever is 
used, it must have been washed from every particle of dust, and 
then ignited. Mix intimately with one part of perfectly dry 
fluor spar in powder; pour nine parts of concentrated sulphurie 
acid over the mixture in a non-tubulated retort, which it is ad- 
visable to coat with clay, and mix carefully by shaking the ves- 
sel. As the mixture swells up when getting warm, it must at 
first fill the retort only to one-third. The neck of the retort 
is connected air-tight with a small tubulated receiver, and the 
tubulus of the latter again, by means of India-rubber, with a 
wide glass tube twice bent at right angles. To the descending 
limb of the glass tube a funnel is attached by means of India- 
rubber; this funnel is lowered into a beaker containing four 
parts of water. Promote the disengagement of gaseous silicon 
fluoride, which commences even in the cold, by moderately heat- 
ing the retort over charcoal. Towards the end of the process a 
pretty strong heat should be applied. Every ope bubble produces — 
in the water a precipitate of silicic acid, with simultaneous for- 

mation of hydrofluosilicic acid, 3 Si F, 4-2 H, O =2H, Sif, 
+ SiO, The precipitated silicic acid renders the liquid 
gelatinous, and it is for this reason that the aperture of the de- 


scending limb of the tube cannot be allowed to dip direct into 


the water, since it would in that case speedily be choked. It 
sometimes happens in the course, and especially towards the 
end of the operation, that complete channels of silicic acid are 
formed in the gelatinous liquid, through which the gas gains 
the surface without undergoing decomposition if the liquid is not 
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occasionally stirred. When the evolution of gas has ec mpletely 
ceased, throw the gelatinous paste upon a linen cloth, squeeze 
2 fluid through, and filter it afterwards. Keep the filtrate 
or use. 

Tests—Hydrofluosilicic acid must produce no precipitate in 
solutions of salts of strontium (strontium sulphate). 

Uses.—Bases decompose with hydrofluosilicic acid, forming 
water and metallic silicofluorides. Many of these are insolu- 
ble, whilst others are soluble; the latter may therefore by means 
of this reagent be distinguished from the former. In the 
course of analysis hydrofluosilicic acid is applied simply for the 
detection and separation of barium. 


c. SutpHur Acws. 


§ 34. 
1. Hyprocrn Su.pHwe. Liydrorulphurie Acid. Sulphu- 
retted Hydrogen, HS. 


Preparation.—Hy drogen sulphide is usnally evolved from iron 
sulphide, which is broken into small lumps and then treated with 
dilute sulphuric or hydrochloric acid. used iron sulphide may 
be purchased cheaply, or may be made by heating iron turnings, or 
1 to 14 inch iron nails, in a covered Hessian crucible to a white 
heat, and then adding small lumps of roll-sulphur until the en- 
tire contents of the crucible are in fusion. As soon as this is 
the case, pour the fused mass upon sand, or into an old Hessian 
crucible. Or make a hole in the bottom of the crucible, when 
the iron sulphide will run 
through as fast as it forms, 
and may be received in a 
shovel placed in the ash-pit. 
Or introduce an intimate 
mixture of thirty parts of 
iron filings and twenty-one 

arts of flowers of sulphur 
in small portions into a red- 
hot crucible, awaiting always 
the invandescence of the | 
portion last introduced be- jf 
fore proceeding to the ad- 
dition of afresh one. When 
you have thus put the whole 
mixture into the crucible, Fie. 82. 
cover the latter closely, and 
epee it to a more intense heat, sufficient to make the iron 
phide fuse more or less. 
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The evolution of the gas may be effected in the apparatus 
illustrated by Fig. 82. Pour water over the iron sulphide 
in a, add concentrated hydrochloric or sulphurie acid, and shake 
the inixture ; the evolved gas is washed in ¢. When a sufficient 
quantity of gas is evolved, pour the fluid off the still undecom- 
posed iron sulphide, rinse the bottle repeatedly with water, then 
fill it partly with that fluid, and keep it for the next operation. 

For larger laboratories, or for chemists having to operate of- 
ten and largely with hydrogen sulphide, a gasometer may be 
used, or the following apparatus, devised by BruanatTetui, and 
modified as shown in Fig. 33. The flask, B, is provided with a 


mn 


Fie, 83. 


tubulure at a; * its neck is filled with broken glass, its body 
with iron sulphide in small pieces. The India-rubber stopper 
in the neck contains two tubes—s (which may sometimes be 
omitted, see below), and the short tube, c, which must have a 


* Flasks with a lateral tubulure, such as are generally used for receivers, are 
also app‘icable. 
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bore of 1 cm. at least; the latter is connected with the tube, d, 
of the same size by means of India-rubber. The tube, e, ex- 
tends almost to the bottom of a, and is connected on the other 
side with the bottle, m, by means of the India-rubber tube, 7. 
m is closed with a cork or India-rubber stopper, containing a 
small tube open at both ends. The stopper in the tubulure, a, 
ot the flask, 6, contains a glass tube, which is in connection 
with a leaden pipe. The latter conducts the gas, and is sup- 
plied with the brass cocks, A, b, ¢ 2. 

To set the apparatus going, open A, and fill m with a mixture 
of 1 volume common hydrochloric acid and 2 volumes water 
The fluid will pass into 4, fill the bottle, and rise through d and 
¢ into the flask, a. As soon as the neck of the latter is nearly 
full, close the cock, A, and take care that m is not more than 
half full. If now 0 is opened, and also 7, the acid rises up to 
the sulphide, the evolution of gas commences and proceeds with 
great regularity, since the wide tubes ¢ and d allow the constant 
descent of the solution of ferrous chloride and ascent of fresh 
acid. If the acid does not rise in B as high as is wished, place 
one or two blocks of wood under m. The current of gas may 
be entirely regulated by raising or lowering m, as BrueNnatTeLii 
recommends, but the cocks will be found necessary in large 
laboratories where the gas has to be passed into several different 
fluids at the same time. If the apparatus is not required for 
some time, m should be placed lower; the fluid will thus sink in 
B, and ceasing to be in contact with the iron sulphide, the 
evolution of gas will cease. In this case, if the evolution of 
gas in B is not rapid enough to fill the space vacated by the 
fluid, air will enter through the tube, s. If the tube, s, is pres- 
ent at all, it should be sufticiently long to prevent the exit of 
fluid when there is a pressure of gas. After the acid has flowed 
from 8, the still moist iron sulphide may continue evolving gas, 
but this will merely occasion more acid to pass from A to M. 
The tube, s, may be left out when the cocks are used. Under 
these circumstances the fluid in s will descend more slowly on 
lowering M, sir..e the space filled by the descending acid has to 
be occupied by sulphuretted hydrogen. When there are no 
cocks, however, s is essential; otherwise on lowering M, the 
fluid through wnich the gas is passing might recede into the 
apparatus. This inconvenience may be easily prevented where 
cocks are provided, simply by closing 6 before lowering M. 
The gas from ¢ @ is conducted through wash-bottles, or in winter 
through U tubes filled with cotton before being used. 

When the acid is finally exhausted, m is placed lower than a, 
and the air-cock, h, is opened; if the tube, s, is not present. 
All the fluid then passes into m, and can be poured away. 

The apparatus a ig. 3+) devised by Fr. Mour depends upon 
the same principle as the above. a is a cylinder used for dry- 
ing gases; at d is a perforated disk of lead, and above are lumps 


we 
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of iron sulphide. To the end of d is fixed, by means of India- 
rubber, a, a small piece of wide glass tube, which is filled with 
cotton, and is intended to stop any particles of liquid which 
may be spirted up. ¢ is a glass cock with a long wooden 
nandle, which may be replaced by a rubber tube ind clamp; 


Fig. 34, - 


e contains a solution of sodium carbonate, to prevent the esca 
of the sulphuretted hydrogen from the solution of ferrous thes 
ride, and to protect the latter from the action of the air. The 
acid used is a mixture of common hydrochloric acid with one 
or two measures of water. [If a is of large size—18 inches high 
and 8 inches wide—this form of H,S generator suffices for a 
large laboratory. It is only necessary to provide one such appa- 
ratus for every 6 to 8 operators. The tube e may be omitted. 

Pure hydrogen sulphide may also be procured cheaply and 
abundantly by heating together in a flask a mixture of equal 
parts of sulphur and paraftine. On cooling the mixture the 
gas ceases to be formed, but escapes again on renewed applica- 
tion of heat.—GaLLerty. 

A very cheap and effective self-regulating apparatus is shown 
in Fig. 35. It is made from a two-quart fruit-bottle, in whose 
neck the chimney of a student lamp is suspended by means of 
a wide cork ; a disk of perforated lead plate, or a perforated cork, 
rests on the constriction in the chimney; the latter is then nearly 


a a 
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filled with lumps of fused ferrous sulphide ; above this a wad of 
moist sponge to wash the gas is 
placed, and to the chimney is 
fitted a rubber stopper, bent 
tubes joined by rubber, and 
screw-clamp, as in the figure. 
A rubber band stretched over 
the lower rim of the chimney 
may avert fracture in disjointing 
the apparatus. : 

The bottle being nearly filled 
with a mixture of equal vols. 
commercial hydrochloric acid and 
water, is ready for use.—Ep. | 

Sulphuretted hydrogen water 
(hydrogen sulphide solution) is 
usually prepared by conducting 
the gas into very cold water, 
which has been previously freed Fia. 35. 
from air by boiling. The opera- 
tion is continued until the water is saturated with the gas, 
which may be readily ascertained by closing the mouth of the 
flask with the thumb, and shaking it a little: if upon this a 
pressure is felt from within, the operation may be considered 
atan end. Sulphuretted hydrogen water must be kept in well- 
closed vessels, otherwise it will soon suffer decomposition, the 
hydrogen being oxidized to water, and a small portion of the 
sulphur to sulphuric acid, the rest of the sulphur separating. 

[A solution of hydrogen sulphide, made and preserved under a 
pressure of two atmospheres as described by Cooxs, is the most 
convenient form of this reagent. For description and figure 
of apparatus see the American Chemist, Vol. 4, p. 173.—Ep.] 

Pure sulphuretted hydrogen water must be perfectly clear 
and strongly emit the odor of the gas; when treated with 
ferric chloride, it must yield a copious precipitate of sulphur. 
Addition of ammonia must not impart a blackish appearance 
to it. It must leave no residue upon evaporation on platinum. 

Uses.—Hydrogen sulphide has a strong tendency to undergo 
decomposition with metallic oxides, forming water and metallic 
sulphides, which latter being mostly insoluble in water are usu- 
ally precipitated in the process. By modifying the conditions 
of precipitation we may divide the whole of the precipitable 
metals into groups, as will be found explained in Section III. 
Some of the precipitated sulphides exhibit characteristic colors 
indicative of the individual metals which they contain. The 
great facility with which hydrogen sulphide is decomposed 
renders this substance also a useful reducing agent for many 
compounds ; thus it serves, for instance, to reduce ferric salts 
to ferrous salts, chromic acid to chromic oxide, etc. In these 
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‘yeductions the sulphur separates in the form of a fine white 
powder. Whether the nydrogen sulphide had better be applied 
in the gaseous form or in aqueous solution depends upon cir- 
cumstances. 


§ 35. 


IV. Baszs, Merats, anp SuLPHIDEs. 


The oxygen bases and the corresponding omides are classified 
into alkalies, alkali-earths, earths proper, and oxides or hydrox- 
ides of the heavy metals. The alkalies are readily soluble in 
water; the alkali-earths dissolve with greater difficulty in that 
menstrum ; and magnesia, the last member of the class, is only 
very sparingly soluble in it. The earths proper and the oxides 
and hydroxides of the heavy metals are insoluble in water or 
nearly so (except thallious hydroxide). The solutions of the 
alkalies and alkali-earths are caustic when sufficiently concen- 
trated ;. they have an alkaline taste, change the yellow color of 
turmeric paper to brown, and restore the blue tint of reddened 
litmus paper; they saturate acids completely, so that even the 
salts which they form with strong acids do not change vegetable 
colors, whilst those with weak acids generally have an alkaline 
reaction. The earths proper and the hydroxides and oxides of 
the heavy metals combine likewise with acids to form salts, 
but, as a rule, they do not entirely take away the acid reaction 
of the latter. 

The sulphur bases containing the metals of the alkalies and 
alkali-earths are soluble in water. The solutions have a strong 


alkaline reaction. The other sulphur bases do not dissolve in | 


water. 


a. Oxycrn Baszs. 


a. ALKALIES. 


§ 36. 


J. Porassrom Hyproxipr, or Porassa, K O H, ann Soprcm 
Hyproxipk, or Sopa, Na O H.* 


The preparation of perfectly pure potassa or soda is a difficult 
operation. It is advisable, therefore, to provide, besides per- 
feetly pure caustic alkali, also some which is not quite pure, 


* Also termed potassium hydrate and sodium hydrate. 
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and some which, being free from certain impurities, may in 
many cases be safely substituted for the pure substance. 

a. Common solution of soda.—Put into a clean cast-iron pan 
provided with a lid, 3 parts of crystallized sodium carbonate of 
commerce and 15 parts of water, heat to boiling, and add, in 
small portions at a time, thick milk of lime prepared by pour- 
ing 3 parts of warm water over 1 part of fresh-burned quick- 
lime, and letting the mixture stand in a covered vessel until 
the lime is reduced to a uniform pulpy mass. Keep the liquid 
in the pan boiling whilst adding the milk of lime, and for a 
quarter of an hour longer; then filter off a small portion, and 
try whether the filtrate still causes effervescence in hydrochloric 
acid. If this is the case, the boiling must be continued, and if 
necessary some more milk of lime must be added to the fluid. 
When the solution is perfectly free from carbonic acid, cover 
the pan, allow the fluid to cool a little, and then draw off the 
nearly clear solution from the residuary sediment, by means of 
a siphon filled with water, and transfer it to a glass flask. Boil 
the residue a second and a third time with water, and draw off 
the fluid in the same way. Cover the flask close with a glass 
plate, and allow the lime suspended in the fluid to subside com- 
pletely. Scour the iron pan clean, pour the clear solution back 
into it, and evaporate it to 6 or 7 parts. The solution so pre- 
pared contains from 9 to 10 per cent. of soda, and has a specific 
gravity of from 1.13 to 1.15. If it is wished to filter a solution 
of soda which is not quite clear, a covered funnel should be 
used, which has been charged first with lumps of white marble 
and then with powder of the same, the fine dust being rinsed 
out with water before the filter is used (GRraxcEr). Solution 
of soda must be clear, colorless, and as free as possible from 
carbonic acid; ammonium sulphide must not impart a black 
color to it. Traces of silicic acid, alumina, and phosphoric 
acid are usually found in a solution of soda prepared in this 
manner ; on ahi account it is unfit for use in accurate exper- 
iments. Solution of soda is kept best in bottles closed with 
ground glass caps. In default of capped bottles, common ones 
with well-ground stoppers may be used, in which case the neck 
must be wiped perfectly dry and clean inside and the stopper 
coated with paraffine ; since, if this precaution is neglected, it 
will be found impossible after a time to remove the stopper, 
particularly if the bottle is only rarely «soe 

b. Potassa purified with alcohol.—Dissolve some caustic 
potassa of commerce in alcohol, in a stoppered bottle, by diges- 
tion and shaking; let the fluid stand, decant it, or filter it if 
necessary, and evaporate the clear fluid in a silver dish over 
the gas or spirit lamp until no more vapors escape; adding 
from time to time, during the evaporation, some water to pre 
vent blackening of the mass. Place the silver dish in cold 
water until it has sufficiently cooled; remove the cake of 
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potassa from the dish, break it into coarse lumps in a hot mor- 
tar, and keep in a well-closed glass bottle. When required for 
use, dissolve a small lump in water. 

The potassa so prepared is sufficiently pure for most pur- 
poses; 1t contains, indeed, a minute trace of alumina, but is 
usually free from phosphoric, sulphuric, and silicic acids. The 
solution must remain clear upon addition of ammonium sul- 
phide; hydrochloric acid must only produce a barely percepti- 
ble effervescence in it. The solution acidified with hydro- 
chloric acid must, upon evaporation to dryness, leave a residue 
which dissolves in water to a clear fluid. The solution acidified 
with hydrochloric acid, and then mixed with ammonia in the 
least possible excess, must not show any flocks of alumina, at 
least until it has stood in a warm place for several hours. The 
solution acidified with nitric acid must not give any precipitate 
with a nitric acid solution of ammonium sadl ybabe 

c. Potassa prepared with baryta.—Dissolve pure crystals of 
baryta (§ 88) by heating with water, and add to the solution 
pure potassium sulphate until a portion of the filtered fluid, 
acidified with .hydrochloric acid and diluted, no longer gives a 

recipitate on addition of a further quantity of the sulphate 
(16 parts of crystals of baryta require 9 parts of potassium sul- 
phate). Let the turbid fluid clear, decant, and evaporate in a 
silver dish asin 6. The potassa so prepared is perfectly ee 
except that it contains a trifling admixture of potassium sulphate, 
which is left behind upon dissolving in a little water. It is 
but rarely required, its use being in fact exclusively confined 
to the detection of minute traces of aluminium. 

[d. Absolutely pure soda is best prepared by dissolving 
sodium in pure water in a silver dish and evaporating until a 
drop of the liquid solidifies on cooling. This preparation is 
now to be had in commerce.—Eb.] 

Uses.—The great affinity which the fixed alkalies possess for 
acids renders these substances powerful agents to effect the de- 
composition of the salts of most bases, and consequently the 
precipitation of those bases or oxides which are insoluble in 
water. Many of the so precipitated hydroxides redissolve in 
an excess of the precipitant, as, for instance, those of aluminium, 
chromium, and lead; whilst others remain undissolved, as those 
of iron, bismuth, ete. The fixed alkalies serve therefore also as 
a means to separate the former from the latter. Potassa and 
soda dissolve also many salts (¢.g., lead chromate, sulphur com- 
pounds, ete.), and contribute thus to separate and distinguish 
them from other substances. Many of the hydroxides and 
oxides precipitated by the action of potassa or soda exhibit 
peculiar colors, or possess other characteristic properties that 
may serve to lead to the detection of the individual metal 
which they respectively contain; such are, for instance, the 
precipitates of manganous hydroxide, ferrous hydroxide, mer- 
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curous oxide, ete. The fixed alkalies expel ammonia from its 
salts, and enable us thus to detect that body by its smell, its 
action on vegetable colors, ete. 


§ 37. 
2. Ammonta NH, Ammonium Hyproxme N H,O8. 


Preparation. Ammonia is obtainable in commerce in a very 
pure state.* For preparing. it on a small scale the following 
method answers well. Introduce into a flask 4 parts of ammo- 
nium chloride, either crystallized or in coarse powder, and tl e 
dry slacked lime prepared from 5 parts of quicklime, mix sy 
shaking, and cautiously add enough water to make the powder 
agelomerate into lumps. Set the flask in a sand bath and con- 
nect it with a rather large wash-bottle and delivery tube. Put 
a small quantity of water in the wash-bottle, and about 10 parts 
of water in the flask destined to absorb the gas. Place the latter 
in cold water, and then begin to apply heat. Evolution of gas 
speedily sets in. Continue to heat until no more bubbles ap- 
pear. Open the cork of the flask to prevent the receding of 
the fluid. The solution of ammonia contained in the washing 
bottle is impure, but that contained in the receiver is pure ; 
dilute it with water until the specific gravity is about .96 = 10 
per cent. of ammonia. Keep the fluid in bottles closed with 
ground stoppers. 

Tests.—Solution of ammonia must be colorless, and ought 
not to leave the least residue when evaporated in a platinum 
dish. When heated with an equal volume of lime water, it 
should cause no turbidity, at least not to a very marked extent 
(carbonic acid). 

| Concentrated ammonia precipitates lime water and must be 
diluted before applying this test for carbonic acid.—Ep. ] 

When Deaton with nitric acid, neither solution of 
barium nitrate nor of silver nitrate must render it turbid, nor 
must hydrogen sulphide impart to it the slightest color. 

Uses.—Solution of ammonia, although formed by conducting 
ammoniacal gas (N H,) into water and suffering escape of that 
gas upon exposure tu the air, and much quicker when heated, 
may be regarded as a solution of hydroxide of ammonium 
(N H,O H) in water, the first acceding molecule of water 
Ii,O being assumed to form N H,O Fi with N H,. Upon 
this assumption solution of ammonia may be looked upon as ar 
analogous fluid to solution of potassa and solution of soda, 
which greatly simplifies the explanation of all its reactions, the 
salts resulting from the aE ttre of oxygen acids by sclu- 
tion of ammonia being assumed to contain ammonium N H, 


* Of Bela Clapp, Pawtucket, R. I. 


ae REAGENTS. [$ 38 


instead of N H,. Ammonia is one of the 110st frequently used 
reagents. It is especially applied for the saturation of acid 
fluids, and also to effect the precipitation of a great many metal- 
lic hydroxides ; many of these precipitates redissolve in an excess 
of ammonia, as, for instance, the hydroxides of zinc, cadmium, 
silver, copper, etc., whilst others are insoluble in free ainmo- 
nia. This reagent may therefore serve also to separate and dis- 
tinguish the former from the latter. Some of these precipi 
tates, as well as their solutions in ammonia, exhibit peculiar 
colors, which may at once lead to the detection of the metal 
which they contain. 

Many of the hydroxides which are precipitated by ammonia 
from neutral solutions are not precipitated by this reagent from 
acid solutions, their precipitation from the latter being pre: 
vented by the ammonium salt formed in the process. Com- 
pare § 56. . 


p. Auxatt Earrus. . 
§ 38. 
1. Barrum Hyproxiy, or Baryra, Ba(O H),. 


Preparation.—There are many ways of preparing baryta; 
but as witherite (barium carbonate) is now cheaply procurable, 
I prefer the following: Mix intimately together 100 parts of 
finely pulverized witherite, 10 parts of charcoal in powder, and 
5 parts of rosin, put the mixture in an earthenware crucible, 
lute on the lid with clay, and expose the crucible so prepared 
to the heat of a brick-kiln. Break and triturate the baked 
mass, boil repeatedly with water in an iron pot, filter into bot- 
tles, stopper, and let them stand in the cold, when large quan- 
tities of crystals of barium hydroxide Ba(O H),+ 8H, O will 
make their elvan Let the crystals drain in covered fun- 
nels, dry rapidly between sheets of blotting paper, and keep 
them in well closed bottles. For use dissolve 1 part of the 
crystals in 20 parts of water, with the aid of heat, and filter 
the solution. The baryta water so prepared is purer than 
the mother liquor running off from the crystals. The residue, 
which is insoluble in water and consists of undecomposed 
witherite and charcoal, may be turned to account in the pre- 
paration of barium chloride. 

Lests.—Baryta water must, after precipitation of the barium 
by pure sulphuric acid, give a filtrate remaining clear when 
mixed with alcohol, and leaving no fixed residue upon evapora- 
tion in a platinum crucible. 

Uses.—Barium hydroxide being a strong base, precipitates 
the metallic hydroxides insoluble in water from the solutions 
of their salts. In the course of analysis we use it simply to 


ee 
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precipitate magnesia. DBaryta water may also be used to pre. 
cipitate those acids which form insoluble barium compounds; 
it is applied with this view to effect. the detection of carbonic 
acid, the removal of sulphuric acid, phosphoric acid, ete. 


§ 39. 
2. Carctum Hyproxipg, or Liwr, Ca(O H),. 


Calcium hydroxide is obtained by slacking lumps of pure 
calcined lime in a porcelain dish, with half their weight of 
water. The heat which accompanies the combination of the 
lime and the water is sufticient to evaporate the excess of water. 
Slacked lime must be kept in a well-stoppered bottle. 

To prepare lime water, digest slacked lime for some time 
with cold distilled water, shaking the mixture occasionally ; let 
the undissolved portion of lime subside, decant, and keep the 
clear fluid in a well-stoppered bottle. If it is wished to have 
the lime water quite free from all traces of alkalies, baryta and 
strontia, which are almost invariably present in slacked lime 
a sate from calcined limestone, the liquids of the first two 
or three decantations must be removed, and the fluid decanted 
afterwards alone made use of. 

Tests—Lime water must impart a strongly-marked brown 
tint to turmeric paper, and give a not too inconsiderable precipi- 
tate with sodium carbonate. It speedily loses these properties 
upon exposure to the air, and is thereby rendered totally unfit 
for analytical purposes. 

Uses.—Lime forms with many acids insoluble, with others 
soluble salts. Lime water may therefore serve to distinguish 
the foriner acids, which it precipitates from their solutions, 
from the latter, which it will of course fail to precipitate. 
Many of the precipitable acids are thrown down only under 
certain conditions, ¢ g., on boiling (citric acid), which affords 
a ready means of distinguishing between them by altering these 
conditions. We use lime water in analysis principally to effect 
the detection of carbonic acid, and also to distinguish between 
citric acid and tartaric acid. Slacked lime is chiefly used to 
liberate ammonia from ammonium salts. 


y. Heavy Merats anp ruerr Oxipes anp Hyproxipss. 
§ 40. 


1. Zio, Zn. 


Select zinc of good quality and, above all, perfectly free 
from arsenic. The method described § 132,10 will serve to 
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detect the presence of the slightest trace of this substance. 
Fuse the metal and pour it in a thin stream into a large vessel 
with water. Zine which contains arsenic must be rejected, for 
no practicable process of purification is known (Exior and 
SroRER).* 

Uses.—Zine serves in qualitative analysis for the evolution 
of hydrogen, and also of arsenetted and antimonetted hydrogen 
gases (compare § 131,10, and § 132,10); it is occasionally 
used also to precipitate some metals from their solutions; in 
which process the zine simply displaces the other metal (Cu 
SO, + Zn= Zn 8O,+ Cu). Zinc is also sometimes used for 
the detection of sulphurous acid and phosphorous acid ; it must 
then be tested for zinc sulphide or zine phosphide, as the case 
may be, see §§ 139 and 148. 


2. Inon, Fe. 


Iron reduces many metals and precipitates them from their 
solutions in the metallic state. We use it especially for the de- 
tection of copper, which precipitates upon it with its character- 
istic color. Any clean surface of iron, such as a knife-blade, a 
needle, a piece of wire, etc., will serve for this purpose. 


3. Coprrr, Cu. 


We use copper exclusively to effect the reduction of mercury, 
which precipitates upon it as a white coating shining with sil- 
very lustre when rubbed. A copper coin scoured with fine 
sand, or in fact any clean surface of copper, may be employed 
for this purpose. 


8 41. 
4. Leap Dioxins, Pb O,. 


Preparation.—Dissolve separately 4 parts of crystallized 
lead acetate and 3 parts of crystallized alas carbonate in hot 
water, and filter if needful; mix the solutions, and pass well- 
washed chlorine gas through the mixture until it has become 
dark-brown and all effervescence from escape of carbon diox- 
ide has ceased. Throw on a filter and wash with hot water 
until silver nitrate no longer causes any turbidity in the wash- 
ings. The contents of the filter are dried for use—WO6ntEr. 
Tests—Lead dioxide, when boiled with thrice its bulk of 
pure nitric acid for several minutes and allowed to settle, must 


* According to GuNNING (Scheikundige Bijdragen, Deel I. Nr. I, p. 115), 
the purification may be effected by repeated fusion with a mixture of sodium 
carbonate and sulphur. 
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not communicate the faintest red color to the acid (absence of 
manganese). 

Uses,—This reagent serves to oxidize chromic oxide when in 
alkaline solution, to chromic acid. It also is a most delicate and 
characteristic test for manganese. 


§ 42. 


5. Bismurnous Hyproxmws, Bi O. O Ht. 


Preparation.—Dissolve bismuth, freed from arsenie by fu- 
sion with hepar sulphuris, in dilute nitric acid; dilute the so- 
lution till a slight permanent precipitate is produced ; filter 
and evaporate the filtrate to crystallization. ash the crystals 
with water containing nitric acid, triturate them with water, 
add ammonia in excess, and let the mixture digest for some 
time; then filter, wash, and dry the white precipitate, and keep 
it for use. 

Tests —The bismuth hydroxide is dissolved in dilute nitric 
acid and precipitated with sulphuretted hydrogen. Part of the 
precipitated sulphide is treated with ammonia and filtered, part 
is treated with ammonium sulphide and filtered. The filtrates 
are then mixed with hydrochloric acid in excess; the first 
should give no precipitate, the second only a white precipitate 
of sulphur. 

OJses.—Bismuth hydroxide when boiled with alkaline solu- 
tions of metallic sulphides decomposes with the latter, giving 
rise to the formation of metallic oxides and bismuth sulphide. 
It is better adapted to effect decompositions of this kind than 
cupric oxide, since it enables the operator to judge immediately 
upon the addition of a fresh portion whether the decomposition 
is complete or not. It has still another advantage over cupric 
oxide, viz., it does not, like the latter, dissolve in the alkaline 
fluid in presence of organic substances; nor does it act as a re- 
ducing agent upon reducible oxygen compounds. We use it 
principally to convert arsenious sulphide and arsenic sulphide 
into arsenious and arsenic acids, for which purpose cupric ox- 
ide is altogether inapplicable, since it converts the arsenious 
acid immediately into arsenic acid, being itself reduced to the 
state of cuprous oxide. 


6. SuLPHIpEs. 


§ 43. 
1. Ammonium Svuipmps. 


We use in analysis— 
a. Colorless ammonium monosulphide. (N II,),8. 


+ The basic nitrate of bismuth of commerce, if perfectly free from arsenic 
anc antimony, may also be used instead of the hydroxide. 
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b. Yellow ammonium polysulphide. (N H,),§,- 

Preparation.—a. Transmit hydrogen sulphide through 3 parts 
of ammonia solution until no further absorption takes place ; 
then add 2 parts more of the same ammonia solution. The ac- 
tion of hydrogen sulphide upon ammonia gives rise to the for- 
mation, first, of (N H,),S, [2N H, O H) and H,S = (N H,),S and 
2(11,O)], then of N H,S H; upon addition of the same quantity 
of solution of ammonia as has been saturated, the ammonia 
decomposes with the ammonium hydrosulphide and aimmo- 
nium monosulphide is formed, thus: NH,S H + NH,OH = 
(N H,),8 + HO. The rule, however, is to add only two-thirds 
of the quantity of solution of ammonia, as it is better the pre- 
paration should contain a little ammonium hydrosulphide than 
that free ammonia should be present. To employ ammonium 
hydrosulphide instead of ‘the simple monosulphide is unneces- 
sary, and tends to increase the smell of sulphuretted hydrogen 
in the laboratory, as the preparation allows that gas to escape 
when in contact with metallic acid sulphides. 

Ammonium sulphide should be kept in well-corked phials. 
It is colorless at first, and deposits no sulphur upon addition of 
acids. Upon exposure to the air, however, it acquires a yellow 
tint, owing to the formation of ammonium disulphide, which is 
attended also with formation of ammonia and water, thus: 
2(N H,),8 + O=(N H,),8, + 2N H, + H,O. Continued 
action of the oxygen of the air upon the ammonium sulphide 
tends at first to the formation of still higher sulphides; but 
afterwards the fluid deposits sulphur, and finally all the am- 
monium sulphide is decomposed and the solution contains noth- 
ing but ammonia and ammonium thiosulphate. The formation 
of thiosulphate proceeds thus: (N H,),8, + O, = (N H,),S, O,. 

b. The ammonium sulphide which has turned yellow by mod- 
erate exposure to the air may be used for all purposes requiring 
the employment of yellow ammonium sulphide. The yellow 
sulphide may also be expeditiously prepared by digesting the 
eeniphiig with some sulphur. All kinds of yellow am- 
monium sulphide deposit sulphur and look turbid and milky on 
being mixed with acids. 

Tests—Ammonium sulphide must strongly emit the odor 
peculiar to it; with acids it must evolve abundance of sul- 
phuretted hydrogen ; the evolution of gas may be attended by 
the separation of a pure white precipitate, but no other precip- 
itate must be formed. Upon evaporation and exposure to a 
red heat in a platinum dish it must leave no residue. It must 
not, even on heating, precipitate or render turbid solution of 
magnesium sulphate or solution of calcium chloride (free am- 
monia, ammonium carbonate). 

Uses.—Ammonium sulphide is one of the most. frequently 
employed reagents. It serves (a) to effect the precipitation of 
those metals which hydrogen sulphide fails to throw down from 


[eh 


§ 44.] _ SALTS. 6 


acid solutions, e.g. of iron, zobalt, etc., (N H,),8 + Fe S 0, = 
Ie S+(N I1,),8 O,; (6) to separate the metallic sulphides thrown 
down from acid solutions by hydrogen sulphide, since it dis- 
solves some of them to sulphur salts, as for instance, the sul- 
ne of arsenic and antimony, ete. (N H,),As8,, ete.), whilst 
eaving others undissolved—for instance, lead sulphide, cad- 
minum sulphide, etc. The ammonium sulphide used for this 
purpose must contain an excess of sulphur if the metallic sul- 
phides to be dissolved will dissolve only as higher sulphides, as, 
for instance Sn 8, which dissolves with ease only as Sn §,. 

From solutions of aluminium and chromium salts ammonium 
sulphide precipitates hydroxides, with escape of sulphuretted 
hydrogen, as the sulphur compounds corresponding to these 
hydroxides cannot form in the wet way. [Al, (SO,), + 3 
pee + 6 H.0= AL OH), +. 3N 28:0, + 3 
1,S]. Salts insoluble in water arethrown down by ammonium 
sulphide unaltered from their solutions in acids; thus, for in- 
stance, calcium phosphate is precipitated unaltered from its 
solution in hydrochlorie¢ acid. 


§ 44. 
2. Soprum Surpniwe Na,S. 


Preparation.—Same as ammonium sulphide, except that 


solution of soda is substituted for solution of ammonia. Filter,. 


if necessary, and keep the fluid obtained in well-stopperedi 
bottles. If required to contain some higher sulphide of sodium. 
digest it with powdered sulphur. 

Uses.—Sodium sulphide must be substituted for ammonium 
sulphide to effect the separation of cupric sulphide from sul- 
phur compounds soluble in alkaline sulphides, eg. from stan- 
nous sulphide, as cuprous sulphide is not quite insoluble in. 
ammonium sulphide. 


V. SALTS. 


_ Of the many salts employed as reagents those of potassium, 
sodium, and ammonium are used principally on account of 
their acids; salts of sodium may therefore often be substituted 


_ for the corresponding oS onasae salts, etc. Thus it is almost 


3 


_ ulways a matter of per 
_ carbonate or potassium carbonate, potassium ferrocyanide or 


ect indifference whether we use sodium 


‘sodium ferrocyanide, etc. I have therefore here classified the 


salts of the alkali metals by their acids. With the salts of the 


alkali-earth metals and those of the heavy metals the case is 
5 


. 
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different ; these are not used for their acid, but for their base ; 
we may therefore often substitute for one salt of a base another 
similar one, as ¢.g. barium nitrate or acetate for barium chloride, 
etc. For this reason I have classified the salts of the alkali+ 
earth metals and of the heavy metals by their bases. 


a. Sautts oF tor ALKAtt Merats. 


§ 45. 


1. Porasstum Sutpnars, K,S O,.* 


Preparation.—Purify potassium sulphate of commerce by 
recrystallization, and dissolve 1 part of the pure salt in 12 parts 
of water. 

Uses.—Potassium sulphate serves to detect and separate 
barium and strontium. It is in many cases used in preference 
to dilute sulphuric acid, which is employed for the same pur- 
pose, as it does not, like the latter reagent, disturb the neutrality 
of the solution. 


§ 46. 


_ 2. Hyprogen Disopium Puospuatr, on Soprum Pxospnare, 
NaH P O12 5.0;+ 


Preparation.—Purify “ phosphate of soda” of commerce by 
recrystallization, and dissolve 1 part of the pure salt in 10 parts 
of water for use. 

Tests.—Solution of sodium phosphate must not become 
turbid when heated with ammonia. The precipitates which 
solution of barium nitrate and solution of silver nitrate pro- 
duce in it must completely, and without effervescence, redis- 
solve upon addition of dilute nitric acid. 

Uses.—Sodium phosphate precipitates the alkali-earth metals — 
and all the heavy metals from solutions of their salts. It serves — 
in the course of analysis, after the separation of the heavy — 
metals, as a test for alkali-earth metals in general; and, after — 
the separation of barium, strontium, and calcium, as a special 
sest for the detection of magnesium ; for which latter purpose 
it is used in conjunction with ammonia, the magnésium pre- | 
cipitating as magnesium ammonium phosphate. 


ONa 
Phi 
* Or, $0.0 t Or, POCONa + 12 1.0 
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§ 47. 
3, Ammonium Oxarate. (N H,), C,O,. 2 aq.* 


Preparation.—Dissolve commercial oxalic acid to saturation 
in hot hydrochloric acid of 10 to 12 per cent., cool rapidly with 
constant agitation, wash the crystals (best with help of a filter 
pump) with cold water to remove most of the hydrochloric 
acid, redissolve in hot water, filter hot to separate dirt, cool 
again with stirring, and wash the crystals with cold water until 
chlorine is mostly removed.—Sro.pa. 

Dissolve the pure oxalic acid in 2 parts of distilled water, 
with the aid of heat, add solution of ammonia until the reaction 
is distinctly alkaline, and put the vessel in a cold place. Let 
the crystals drain. The mother liquor will, upon proper evap- 
oration, give another crop of crystals. Dissolve 1 part of the 

ure salt in 24 parts of water for use. 

Tests.—The solution of ammonium oxalate must not be pre- 
 cipitated nor rendered turbid by hydrogen sulphide, nor by 
ammonium sulphide. Ignited on platinum, the salt must vola- 
_ tilize without leaving a residue. 

Uses.-—-Oxalic acid forms with calcium, strontium, barium, 
lead, and other metals, insoluble or very difficultly soluble com- 
pounds; ammonium oxalate produces therefore in the aqueous 
solutions of the salts of these bases, precipitates of the corre- 
sponding oxalates. In analysis it serves principally for the de- 
tection and separation of calcium. 


§ 48. 
4, Soprum Acrrars Na C,H,O,. 3 aq.t 


Preparation.—Dissolve crystallized sodium carbonate in a 
little water, add to the solution acetic acid to slight excess, evap- 
orate to crystallization, and purify the salt by recrystallization, 

This salt is now to be had very pure in commerce. For use 
dissolve 1 part of the salt in 10 parts of water. 

-Tests.—Sodium acetate must be colorless and free from em- 
pyreumatic matter and inorganic acids. 

Uses.—The stronger acids in the free state decompose so- 
dium acetate, combining with the base and setting the acetic 
avid free. In the course of analysis sodium acetate is usea ~ 
principally to preci»itate ferric phosphate (which is insoluble ix 


COONH, ’ 
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acetic acid) from its solution in hydrochloric acid. It server 
also to effect the separation of ferric oxide and alumina, 
which it precipitates on boiling from the solutions of their 
salts. 


§ 49. 
5. Soprom Carzonare (Na, CO,. 10 aq.*) 


Preparation.—lIt is best to provide this salt in several grades 
of purity, as follows: . 

a. For ordinary use as solution select clear, colorless crys- 
tals of “sal soda,” and dissolve them in twice their weight of 
water. The solution is likely to contain a little sulphate, chlo- 
ride, and silicate, and if these are present it must not be used 
in processes for the detection of the corresponding acids. As 
sodium carbonate attacks glass, the salt should be kept,in the 
dry state, and dissolved shortly before use. 

b. Free from sulphur and chlorine. Finely pulverize “ bicar- 
honate of soda” of commerce, put the powder into a funnel 
stopped loosely with some cotton, make the surface even, cover it 
with a disk of thick filter paper with turned-up edges, and 
wash by pouring small quantities of water on the paper disk 
until the filtrate, when acidified with nitric acid, is not rendered 
turbid by solution of silver nitrate, nor by solution of barium 
chloride. Let the salt dry, and then convert it by gentle igni- 
tion into the simple carbonate. This is effected best in a ves- 
sel of silver or platinum; but it may be done also in a per- 
fectly clean iron, or, on a small scale, in a porcelain dish. Bis 
solve 1 part of the anhydrous salt in 5 parts of water, 

[e. Fes from silica. The salt as prepared in 3, is liable to 
contain silica as well as sand and dirt. To purify it further, — 
dissolve in twice its weight of water, or dissolve “ sal soda” erys-: 
tals in their own weight of water, filter, and pass ito the cold 
solution washed and pure carbon dioxide, but not to complete 
saturation. ae 

The crystals of hydrogen sodium carbonate that separate are 
drained in a funnel, washed with cold water, dried, and 
gently ignited, as above directed, as long as water is given off. 

repared in glass vessels by this method, sodium carbonate 
may be readily procured containing but x;/5q of silica —Ebrror. 

d. To a clear and cold solution of 145 grms. of sal soda crys- 
tals in 100 ce. of water, add gradually with vigorous stirring, — 
a solution of 60 parts of purified oxalic acid (see § 47) in 100ce. 
of warm water. When sodium oxalate ceases to separate, break 
up the crystals, and transfer them to a 6-inch filter connected 


*Or, 0020 N° + 10H,0. 
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with the Bunsen filter pump, wash with 500cc. of water and 
~ dry. Heat to full redness in a platinum dish until the oxalate 
is fully decomposed, dissolve, filter, and evaporate to dryness. 
—J. Lawrence Siru, private communication. | 

Yests.—Sodium carbonate must be perfectly white. Several 
granmes of the salt must dissolve in water without turbidity, 
aul if the salt is to be used in a flux (see § 78), without leaving 
grains of sand. Its solution, after supersaturation with nitric 
acid, must not be rendered turbid by barium chloride or silver 
nitrate ; nor must addition of potassium sulphocyanate impart 
a red, or warming with ammonium molybdate and nitric acid a 
yellow tint to it, or give a yellow precipitate; the residue 
which remains upon evaporating its solution to dryness, after 
previous supersaturation with hydrochloric acid, must leave ne 
residue (silica) when redissolved in water. When fused in a 
glass tube with potassium cyanide for a long time in a current 
of carbon dioxide, it should give no trace of a dark suslimate 
(arsenic). See § 132, 12. 

Uses.—With the exception of the alkali metals, sodium car- 
honate precipitates all the metals in the form of normal or 
basic carbonates. Those metals which form soluble acid car- 
bonates require boiling for their complete precipitation from 
acid solutions. Many of the precipitates.produced by the action 
of sodium carbonate exhibit a characteristic color, which may 
lead to the detection of the individual metals which they re- 
spectivefy contain. Solution of sodium carbonate serves also 
for the decomposition of many insoluble salts, more particularly 
of those with organic acids. Upon boiling with sodium car- 
bonate these salts are converted into insoluble carbonates, 
whilst the acids combine with the sodium, and are thus ob- 
tained in solution. Sodium carbonate is often used also to 
saturate free acids. 


§ 50. 
6. Ammonium Carponate (N H,), C O,.* 


Preparation —Take commercial “ carbonate of ammonia” 
entirely free from any smell of animal oil, such as is prepared 
by sublimation, carefully scrape off the outer and inner sur- 
face of the mass, and dissolve one part of the salt by digestion 
_ with 4 parts of water to which one part of ammonia solution 

has been added. 

Lests.—Pure ammonium carbonate must completely volatil- 
ize. Neither solution of barium nitrate nor of silver nitrate, 
nor hydrogen sulphide, must color or precipitate it, after super- 
saturation with nitric acid. 


* 0x, CO<ON Hi, 
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Uses.—Ammonium carbonate precipitates, like sodium car- 
bonate, most metals ; it is generally employed in preference tc 
the latter reagent, because it introduces no non-volatile body 
into the solution. Complete precipitation of many of the 
metals takes place also only on boiling. Several of the pre- 
cipitates redissolve again in an excess of the precipitant. In like 
manner ammonium carbonate dissolves many hydroxides and 
sulphides, and thus enables us to distinguish and separate them 
from others which are insoluble in this reagent. 

Ammonium carbonate, like ammonia solution, and for the 
same reason, fails to precipitate from acid solutions many 
metals which it precipitates from neutral solutions. (Compare 
§ 53.) We use ammonium carbonate in analysis principally to 
effect the precipitation of barium, strontium and calcium, and 
the separation of these substances from magnesium ; also to 
separate arsenious sulphide, which is soluble in it, from anti- 
monious sulphide, which is insoluble. 


§ 51. 
7. Hyprocrn Sopium Surpnire, H Na 8O,*. 


Preparation.—Heat 5 parts of copper tacks or clippings 
with 20 parts of concentrated sulphuric acid in a fask, and 
conduct the sulphur dioxide gas evolved, first through a wash- 
ing bottle containing some water, then into a flask containing 7 
parts of clean crystallized sal-soda, and from 20 to 380 parts of 
water, and which is not much more than half full; continue the 
transmission of the gas until the evolution of carbon dioxide 
ceases. Keep the solution, which smells strongly of sulphurous 
acid, in a well-stoppered bottle. 

Tests.—Acid sodium sulphite, when evaporated to dryness 
with pure sulphuric acid, must leave a residue,t the aqueous 
solution of which is not altered by hydrogen sulphide, nor pre- 
cipitated yellow by heating with a solution of ammonium mo- 
lybdate mixed with nitric acid. 

Uses.—Sulphurous acid has a great tendency to pass to the 
state of sulphuric acid by absorbing oxygen. It is therefore 
one of our most powerful reducing agents. Acid sulphite of 
sodium, which has the advantage of being less readily decom- 
posed than sulphurous acid, acts in an analogous manner upon 
addition of acid. We use it principally to reduce arsenic acid 
to arsenious acid, chromic acid to chromie¢ oxide, and ferric oxide 
to ferrous oxide. It will serve also to effect the separation of 


~ 108, 80<0 24 


vif The evaporation is attended with copious evolution of silphur dioxide 
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arsenious sulphide, which is soluble in it, from the sulphides of 
antimony and tin, which are insoluble in this reagent. 


§ 52. 
8. Porasstum Nirrire, KNO,,.* 


Preparation—In an iron pan fuse 1 part of nitre, add 2 
a. vf lead, and keep stirred with an iron rod. Even at a 
ow red heat the lead becomes for the most part oxidized and 
converted into a yellow powder. To oxidize the remainder, the 
heat is increased to visible redness and maintained at that point 
for half an hour. Allow to cool, treat with cold water, filter 
and pass carbon dioxide through the filtrate. This precipitates 
almost the whole of the lead in solution, the remainder is re- 
moved with a little hydrogen sulphide. Evaporate the clear 
fluid to dryness, finally with stirring, and fuse in order to de- 
stroy any potassium thiosulphate (Aue. Srromryrr). When 
required, dissolve 1 part in 2 parts of water, neutralize cau- 
tiously with acetic acid, and filter. 

Tests.—Potassium nitrite must, upon addition of dilute sul 
phuric acid, copiously evolve nitrogen dioxide gas. 

Uses.—Potassium nitrite isan excellent means to effect the 
detection and separation of cobalt, in the solutions of which 
metal it produces a precipitate of potassium cobaltic nitrite. It 
serves also in presence of free acid to liberate iodine from its 
compounds. 


8°53. 
9. Porasstum Dicuromars, K, Cr, O,.** 


Preparation.—Purify “ bichromate of potash” by recrystal- 
lization, and dissolve one part in 10 parts of water for use. 

Uses.—Potassium dichromate decomposes most of the soln- 
Ile metallic salts. Most of the precipitated chromates are very 
sparingly soluble, and many of them exhibit characteristic 
colors which lead readily to the detection of the particular 
metal which they respectively contain. We use potassium 
dichromate principally as a test for lead. 


| § 54. 
10. Porasstum Pyroanrmonatr,} H, K, Sb, O, .6H,0.+ 


Preparation.—Project a mixture of equal parts of pulver- 
ized tartar-emetic and potassium nitrate in small portions at a 


OK 
Cr0,—-0K Sb O-OH 
_*0r, NO-—OK.. ** Or, >0 t Or, >O +6H,0. 
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time into a red-hot crucible. After the mass has deflagrated, 
keep it at.a moderate red heat for a quarter of an hour; it 
froths at first, but after some time it will be in a state of calm 
fusion. emove the crucible from the fire, let the mass get 
nearly cold, and extract it with warm water. Transfer to a 
suitable vessel, by rinsing, and decant the clear fluid from the 
heavy white powder deposited. Concentrate the decanted fluid 
by evaporation. After one or two days a doughy mass will 
separate. Treat this mass with three times its volume of cold 
water, working it at the same time with a spatula. This ope- 
ration will serve to convert it into a fine granular powder, to 
which add the powder from which the fluid was decanted, 
wash well with boiling water, till the washings cease to be alka- 
line, and dry on blotting paper. 100 parts of tartar-emetic 
give about 36 parts of the pyroantimonate (Brunner). 

Tests and Oses.—Gyranular potassium antimonate is very 
sparingly soluble in water, requiring 90 parts of boiling and 
250 parts of cold water for solution. The solution is best pre- 
pared immediately before use, by boiling the salt with water, 
and filtering from the undissolved portion. The solution must 
be clear and of neutral reaction; it must give no precipitate 
with solution of potassium chloride, nor with solution of am- 
monium chloride; biit solution of sodium chloride must pro- 
duce a crystalline precipitate in it. Potassium pyroantimo- 
nate is a valuable reagent for soda, but its employment requires 
great caution, see § 90. 


§ Bb. 


11. Ammonium Motyspare (N H,),Mo O,, pisso-vep mv 
Nirric Actm.—Motyspic Soxurion. 


Preparation—Triturate molybdenum sulphide with about 
an equal bulk of coarse quartz sand washed with hydrochloric 
acid, until it is reduced to a moderately fine powder; heat to 
faint redness, with repeated stirring, until the mass has: ac- 
quired a lemon-yellow color (which after cooling turns whit- 
ish). With small quantities this operation may be conducted 
in a flat platinum dish, with large quantities in a muffle. Ex- 
tract with solution of ammonia, filter, evaporate the filtrate, 
heat the residue to faint redness until it appears yellow or 
white, and then digest for several days with nitric acid in the 
water bath, in order to convert any phosphoric acid present to 
- the tribasic state. When the nitric acid is-evaporated dissolve 
the residue in 4 parts of solution of ammonia, filter rapidly, 
and pour the filtrate into 15 parts by weight of nitric acid of 
1:20 specific gravity. Keep the mixture standing several days 
in a moderately warm place, which will cause the separation of 
any remaining traces of phosphoric acid as ammonium phosphe 
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molybdate. Decant the colorless fluid from the previpitate. 
and keep it for use. Heated to 40° no white precipitate (mo 
lybdie acid or an acid salt of the same) will separate ; but above 
that point precipitation wall take place unless more nitric acid 
be added (Eacrrtz). 

Uses.—Phosphoric acid and arsenic acid form with molybdic 
acid ‘and ammonia peculiar yellow compounds which are al- 
most absolutely insoluble in the nitric acid solution of ammo- 
nium molybdate. The phosphoric acid compound is formed in 
the cold, the arsenic acid compound requires heat. Ammonium 
molybdate affords therefore an excellent means to detect these 
acids, and more especially very minute quantities of phsophoric 
acid in acid solutions containing aluminium and alkali-earth 
inetals. : 


§ 56. 
12. Ammonium Cutortpr, N H, Ct. 


_ -Preparation.—Select sublimed white sal ammoniac of com- 
merce. If it contains iron it must be purified by slowly pass- 
ing chlorine gas into the nearly saturated solution for a short 
time, or until potassium ferricyanide gives no blue color with 
afew drops of the liquid. Ammonia is then added in slight 
excess, the whole is warmed, filtered from the separated ferric 
oxide, and evaporated to crystallization. Dissolve 1 part of the 
salt in 8 parts of water for use. 

Tests.—Solution of ammonium chloride must leave no fixed 
residue upon evaporation on platinum, Ammonium sulphide 
~ must have no action upon it. Its reaction must be pertectly 
~ neutral. 
Uses —Ammonium chloride serves principally to retain in 
solution certain oxides (¢g., manganese and magnesium mon- 
oxides), or salts (¢. g., calcium tartrate) upon the precipitation of 
other oxides or salts by ammonia or some other reagent. This 
application of ammonium chloride is based upon the tendency 
of the ammonium salts to form double compounds with other 

salts. Ammonium chloride serves also to distinguish between 
precipitates possessed of similar properties; for instance, to 
distinguish the magnesium-ammonium phosphate, which is in- 
_ soluble in ammonium chloride from other magnesian precipitates. 
It is used also to precipitate from their solutions in potassa vari- 
ous substances which are soluble in that alkali, but insoluble in 
~ ammonia; eg., alumina, chromic oxide, etc. In this process 
~ the elements of the ammonium chloride transpose with those of 
_ the potassa, and potassium chloride, water, and ammonia are 
- formed: Ammonium chloride is applied also as a special rea- 
~ gent to effect the precipitation of platinum as ammonium pla- 
tinice chloride. 
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§ 57. 
13. Porasstum Oyanipr, K Cy, or KON. 


Preparation.—Heat potassium ferrocyanide of commerce 
(perfectly free from potassium sulphate) gently, with stirring, 
until the crystallization water is completely expelled ; triturate 
the anhydrous mass, and mix 8 parts of the dry powder with 3 
parts of perfectly dry potassium carbonate; fuse the mix- 
. ture in a covered Hessian or, better still, in a covered iron 
crucible, until the mass is in a faint glow, appears clear, and a 
rea oat of it, taken out with a heated glass or iron rod, looks 
perfectly white. Remove the crucible now from the fire, tap 
it gently, and let it cool a little until the evolution of gas has 
ceased ; pour the fused potassinm cyanide into a heated, tall, 
crucible-shaped vessel of clean iron or silver, or into a moder- 
ately hot Hessian crucible, with proper care, to prevent the 
running out of any of the minute particles of iron which have 
separated in the process of fusion and have subsided to the bot- 
tom of the crucible. Let the mass now slowly cool in a some- 
what warm place. The potassium cyanide so prepared is ex- 
ceedingly well adapted for analytical purposes, although it con- 
tains potassium carbonate and cyanate, which latter is upon so- 
lution in water transformed into ammonium carbonate and 
potassium carbonate [2C N OK +4 H,O = K, CO, + 
(N H,), C O,]. Keep it in the solid form in a well-stoppered 
bottle, and dissolve 1 part of it in 4 parts of water, without ap- 
plication of heat, when required for use. 

Tests.—Potassium cyanide must be of a milk-white color and 
quite free from particles of iron or charcoal. It must com- 
pletely dissolve in water to a clear fluid. It must contain nei- 
ther silica nor potassiuin sulphide; the precipitate which lead 
salts produce in its solution must accordingly be of a white ~ 
color, and the residue which its solution leaves upon evapora- 
tion, after previous supersaturation with hydrochloric acid,* 
must completely dissolve in water to a clear uid. 

Uses.—Potassium cyanide prepared in the manner described, 
produces in the solutions of most metallic salts precipitates of 
cyanides of metals or of hydroxides or carbonates which are 
insoluble in water. The precipitated cyanides are soluble in 
potassium cyanide, and may therefore by further addition of 
the reagent be separated from the hydroxides or carbonates 
which are insoluble in potassium cyanide. Some of the metal- 
lic cyanides redissolve invariably in the potassium cyanide as 
doubie cyanides, even in the presence of free hydrocyanic acid 
and upon boiling; whilst others combine with cyanogen to 


* This supersaturation with hydrochloric acid is attended with disengage 
ment of hydrocyanic acid. 
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new radicals, which remain in solution in combiration with the 
potassium. The most common compounds of this nature are 
potassium cobalticyanide and potassium ferro- and ferricyanide. 

These differ from the double cyanides of the other kind par- 
ticularly in this, that dilute acids fail to precipitate the metallic 
eyanides which they contain. Potassium cyanide may accord- 
ingly serve also to separate the metals which form compounds 
of the latter description from others the cyanides of which are 
; - eaaleea by acids from their solution im potassium cyanide. 

n the course of analysis this reagent is of great importance, as 
it serves to effect the separation of cobalt from nickel; also 
that of copper, the sulphide of which metal is soluble in it, 
from cadmium, whose sulphide is insoluble. 


§ 58. 
14. Porasstum Frrrocyanipr, K, Fe Cy, + 3 aq. 


Preparation.—The potassium ferrocyanide found in com 
merce is sufliciently pure. 1 part of the salt is dissolved in 12 
parts of water for use. 

Uses.—Ferrocyanogen forms with most metals compounds 
insoluble in water, some of which exhibit highly characteristic 
eolors. These ferrocyanides are formed when potassium fer-, 
rocyanide is brought into contact with soluble metallic salts, 
the potassium changing places with the metals. The cupric 
and ferric ferrocyanides exhibit the most characteristic colors of 
all; potassium ferrocyanide serves therefore particularly as a 
test for cupric and ferric compound. 


8 59. 
15. Porassrom Frrricyanmne, K, Fe, Cy,,. 


Preparation.—Conduct chlorine gas slowly into a solution 
vf 1 part of potassium ferrocyanide in 10 parts of water, with 
frequent stirring, until the solution exhibits a fine deep red 
color by transmitted light (the light of a candle answers best), 
and a portion of the fluid produces no longer a blue precipi- 
tate in a solution of ferric chloride, hut imparts a brownish 
tint to it. LEvaporate the fluid now in a dish to 4 of its weight, 
and let crystallize. The mother liquor will upon further evap- 
oration yield a second crop of crystals equally fit for use as the 
first. Dissolve the whole of the crystals obtained in 3 parts 
of water, filter if necessary ; evaporate the solution briskly to 
half its volume, and let crystallize again. The commercial 
salt may also be employed. The solution, as already remarked, 
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must produce neither a blue precipitate nor a blue color in a 
solution of ferric chloride. As this salt decomposes when long 
kept in solution, it is best preserved and applied in the state of 
powder. ; 
Uses.—Potassium ferricyanide decomposes with solutions of 
metals in the same manner as potassium ferrocyanide. Of the 
metallic ferricyanides the ferrous ferricyanide is more particu. 
larly characterized by its color, and we appry potassium ferricy- 
anide therefore principally as a test for ferrous compounds. 


§ 60. 
16. Porasstum SutpHocyanate, K OC N §. 


Preparation.—Mix together 46 parts of anhydrous potassium 
ferrocyanide, 17 parts of potassium carbonate, and 32 parts of 
sulphur; introduce the mixture into an iron pan provided with 
a lid, and fuse over a gentle fire; maintain the same tempera- 
ture until the swelling of the mass which ensues at first has 
completely subsided and given place to a state of tranquil and 
clear fusion ; increase the temperature now, towards the end 
of the operation, to faint redness, in order to decompose the 
potassium thiosulphate which has been formed in the process. 
Remove the half refrigerated and still soft mass from the pan, 
crush it, and boil repeatedly with alcohol of from 80 to 90 per 
cent. Upon cooling, part of the potassium sulphocyanate will 
separate in colorless crystals; to obtain the remainder, distil the 
alcohol from the mother liquor. Dissolve 1 part of the salt in 
10 parts of water for use. 

Tests.—Solution of potassium sulphocyanate must remain 
perfectly colorless when mixed with perfectly pure dilute 
hydrochloric acid. 

Uses.—Potassium sulphocyanate serves for the detection of 
ferric compounds, for which it is at once the most characteristic 
and the most delicate test. 


6. Satts of THE ALKALI-Earta Merats, 


§ 61. 
1. Barium Cutoriwer, Ba Cl, + 2 H, 0. 


The commercial salt may be used after purification by 
recrystallizing, if need be. : 

Preparation.—a. From heavy spar. Mix together 8 parts 
of pulverized barium Sulphate, 2 parts of charcoal in powder, — 
ze 1 part of common rosin, Put the mixture in a crucible, | 
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and expose it in a wind furnace to a long-continued red heat. 
Triturate the ernde barium sulphide obtained, boil about 9, of 
the powder with 4 times its quantity of water, and add hydro- 
chloric acid until all effervescence of hydrogen sulphide haa 
ceased, and the fluid manifests a slight acid reaction. Add 
now the remaining +4; part of the barium sulphide, boil some 
time longer, then filter, and let the alkaline fluid crystallize. 
Drain the crystals, redissolve them in water, and crystallize 
again. 

6. From witherite. Pour 10 parts of water upon 1 part 
of pulverized witherite, and gradually add erude hydrochlo- 
ric acid until the witherite is almost completely dissolved. 
Add now a little more finely pulverized witherite, and heat, 
with frequent stirring, until the fluid has entirely or very 
nearly lost its acid reaction; add solution of barium sulphide 
as long as a precipitate forms; then filter, evaporate the fil- 


trate to crystallization, and purify by crystallizing again. Hy 
) 


use, dissolve 1 part of the barium chloride in 10 parts 
water. E 

Lests—Pure barium chloride must not alter vegetable col- 
ors; its solution must not be colored or precipitated by hydro- 
gen sulphide, nor by ammonium sulphide. Pure sulphuric 
acid must precipitate every fixed particle from it, so that the 
fluid filtered from the precipitate formed upon the addition of 
that reagent leaves not the slightest residue when evaporated on 
platinum foil. 

Uses—Barium forms with many acids soluble, with others 
insoluble compounds. This property of barium affords us 
therefore a means of distinguishing the former acids, which 
are not precipitated by barium chloride from the latter, in the 
solution of the salts of which this reagent produces a precipi- 
tate. The precipitated barium salts severally show with acids 
a different deportment. By subjecting these salts to the action 


of acids we are therefore enabled to subdivide the group of 


Bedi acids and even to detect certain individual acids. 
his makes barium chloride one of our most important re- 
agents to distinguish between certain groups of acids, and 
more especially also to effect the detection of sulphuric acid. 


§ 62. 
2. Bartom Nrrrars, Ba (N O,),*. 


Preparation.—Treat barium carbonate, no matter whether 
witherite or that precipitated bysodium carbonate from solu- 
tion of barium sulphide, with dilute nitric acid free from chlo. 


NO, 0 
* Or, x0, o> B& 
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rine, and proceed exactly as directed in the preparation of barium 
chloride from witherite, or else recrystallize the commercial 
salt. For use, dissolve 1 part of the salt in 15 parts of water. 

. Tests —Solution of barium nitrate must not be made tur- 
bid by solution of silver nitrate. Other tests the same as for 
barium chloride. 

Uses.—Barium nitrate is used instead of barium chloride in 
cases where it is desirable to avoid the presence of a metallie 
chloride in the fluid. 


§ 63. 
3. Bartum Carzonatr, Ba Co,*. 


Preparation.— Dissolve crystallized barium chloride in water, 
heat to boiling, and add a solution of ammonium carbonate 
mixed with some caustic ammonia, or of pure sodium carbon- 
ate, as long as a precipitate forms; let the precipitate subside, 
decant five or six times, transfer the precipitate to a filter, and 
wash until the washing water is no longer rendered turbid by 
solution of silver nitrate. Stir the precipitate with water to 
the consistence of thick milk, and keep this mixture in a stop- 
pered bottle. It must of course be shaken every time it is re- 
quired for use. 

Tests—Pure sulphuric acid must precipitate every fixed 
particle from a solution of barium carbonate in hydrochlori¢ 
acid (compare § 38). 

Uses.—Barium carbonate completely decomposes the solu- 
tions of certain metallic salts, precipitating from them the whole 
of the metal as hydroxide and basic salt, whilst some other me- 
tallic salts are not precipitated by it. It serves therefore to 
separate the former from the latter, and affords an excellent 
means of effecting the separation of ferric oxide, and alumina 
from the monoxides of manganese, zinc, calcium, magnesium, 
etc. It must be borne in mind, however, that the salts must not 
be sulphates, as barium carbonate equally precipitates the latter 
bases from these compounds. 


§ 64. 
4, Catocium Surenate, Ca 8 O,t, crystallized + 2 H, O. 
Preparation. —Digest and shake powdered crystallized gyp- — 
sum (selenite) for some time with water; let the undissolved 


portion subside, decant, and keep the clear fluid for use. 
Uses.—Calecium sulphate, being difficulty soluble, is a con: 


*CcO <O>Ba. ¢ SO. <0> Ce 
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venient agent in cases where it is wished to apply a solution of 
a calcium salt or of a sulphate of a definite degree of dilution, 
As dilute solution of a calcium salt it is used for the detection | 
of oxalic acid ; whilst as dilute solution of a suiphate it affords 
an excellent means of distinguishing between barium, stron- 
tium, and calcium. 


8 65. 
5. Catcium Cutorwer, OaCl,, crystallized + 6H, O. 


Preparation—Dilute 1 part of erude hydrochloric acid 
with 6 parts of water, and add thereto marble or chalk until 
the last portion added remains undissolved; add now some 
slacked lime, then hydrogen sulphide until a filtered portion of 
the mixture is no longer altered by ammonium sulphide. Then 
let the mixture stand covered for 12 hours at a gentle heat ; 
filter, exactly neutralize the filtrate, concentrate by evaporation, 
and crystallize. Let the crystals drain, and dissolve 1 part of 
the salt in 5 parts of water for use. 

Tests.—Solution of calcium chloride must be perfectly neu- 
tral, and neither be colored nor precipitated by ammonium 
sulphide; nor onght it to evolve ammonia when mixed with 
potassa or lime. 

Uses.—Calcium chloride is in its action and application anal- 
ogous to barium chloride. For as the latter reagent is used to 
separate the inorganic acids into groups, so calcium chloride 
serves in the same manner to effect the separation of the or- 
ganic acids into groups, since it precipitates some of them, 
whilst it forms soluble compounds with others. And, as is the 
case with the barium precipitates, the different conditions un- 
der which the various insoluble calcium salts are thrown down 
enable us to subdivide the group of precipitable acids. 


§ 66. 
6. Macnesium Scienate, Mg S O,, crystallized + TH, O. 


Preparation.—Dissolve 1 part of magnesium sulphate of 
commerce in 10 parts of water; if the salt is not perfectly 
pure, subject it to recrystallization. 

Tests.—Magnesium sulphate must have a neutral reaction. 
Its solution, when mixed with a sufficient quantity of ammo- 
nium chloride, must, after the lapse of half an hour, not appear 
clouded or tinged by ammonia, or by ammonium carbonate or 
_ oxalate, or sulphide. 

Uses.—Magnesium sulphate serves almost exclusively for 
the detection of phosphoric acid and arsenic acid, which it 
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precipitates from aqueous solutions of phosphates and arsen 
ates, in presence of ammonia and ammonium chloride, in the 
form of almost absolutely insoiuble highly characteristic salts 
(ammonium magnesium phosphate or arsenate). Magnesium 
2 | oi is also employed to test amioniwn sulphide (see 
3 43). . 


ce. Sautrs or THE Heavy Merats. 
§ 67. 


1. Ferrous Sutpnarr, Fe § O,,* erystallized +7H,0. 


Preparation.—Heat an excess of iron nails free from rust, 
or of clean iron wire, with dilute sulphuric acid until the evolu- 
tion of hydrogen ceases; filter the sufficiently concentrated 
solution, add a few drops of dilute sulphuric acid to the filtrate, 
and allow it to cool. Wash the crystals with water very slightly 
acidulated with sulphuric acid, dry, and keep for use. The 
commercial “ protosulphate of iron” sold for photographie use 
answers every purpose of analytical chemistry. 

Tests.—The crystals of. ferrous sulphate must have a fine pale 
green color. Crystals that have been more or less oxidized by 
the action of the air, and give a brownish-yellow solution when 
treated with water, leaving undissolved ferric sulphate behind, 
must be altogether rejected. Hydrogen sulphide must not 
Sones solution of ferrous sulphate after addition of some 

ydrochlorie acid, nor even impart a blackish tint to it. 

Uses.—F errous sulphate has a great disposition to absorb 
oxygen, and to beltonverted into ferric sulphate. It acts there- 
fore as a powerful reducing agent. We employ it principally 
for the reduction of nitric acid, from whicht it separates 
nitrogen dioxide by withdrawing three atoms of oxygen from it. 
The decomposition of the nitric acid being attended in this case 
with the formation of a very peculiar brownish-black com- 
pouhd of nitrogen dioxide with an undecomposed portion of 
the ferrous salt, this reaction affords a particularly characteristic 
and delicate test for the detection of nitric acid. Ferrous sul- 
phate serves also for the detection of ferricyanides, with which. 
it produces a kind of Prussian blue, and also to effect the pre- 
cipitation of metallic gold from solutions of that metal. 


* Or, 80,<0> Fe. 
¢ Considered as N, Os. See § 159, 6. 


ee 
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t 


§ 68. 


2. Ferric Cutorms, Fe, Cl,.* 


Preparation—Heat in a flask a mixture of 10 parts of 
water and 1 part of pure hydrochloric acid with s:nall iron 
nails until no further evolution of hydrogen is observed, even 
after adding the nails in excess; filter the solution into another 
flask, and conduct into it chlorine gas, with frequent shaking, 
until the fluid no longer produces a blue precipitate in solution 
of potassium ferricyanide. Heat until the excess of chlorine is 
expelled. Dilute until the fluid is twenty times the weight of 
the iron dissolved, and keep for use. 

Tests—Solution of ferric chloride must not contain an excess 
of acid; this may be readily ascertained by stirring a diluted 
sample of it with a glass rod dipped in ammonia, when the 
absence of any excess of acid will be proved by the formation 
_ of a precipitate which shaking the vessel or agitating the fluid 
fails to redissolve. Potassium ferricyanide must not impart a 
blue color to it. ; 

Uses.—¥ erric chloride serves to subdivide the group of organic 
acids which calcium chloride fails to precipitate, as it produces 
precipitates in solutions of benzoates and succinates, but not in 
cold solutions of acetates and formates. The aqueous solutions 
of normal ferric acetate and formate exhibit an intensely red 
eolor; ferric chloride is therefore a useful agent for detecting 
acetic acid and formic acid. Ferric chloride is exceedingly 
well adapted to effect the decomposition of phosphates of the 
alkali-earth metals (see § 142). It serves also for the detection 
of ferrocyanides, with which it produces Prussian blue. 


8 69. 
3. Smurver Nirrats, Ag N O,.+ 


Preparation.—Dissolve 1 part of the pure crystallized salt 
in 20 parts of water. 

Tests.—Dilute hydrochloric acid must completely precipitate 
all fixed particles from solution of silver nitrate, which should. 
have a neutral reaction ; the fluid filtered from the precipitated 
silver chloride must accordingly leave no residue when evap- 


_ i ee +0r, NO. —0 Ag. 


82 REAGENTS. [$$ 70, 71. 


orated on a watch-glass, and must be neither precipitated nor 
colored by hydrogen sulphide. 

Uses.—Silver forms with many acids soluble, with others in- 
soluble compounds. Silver nitrate may therefore serve, like 
barium chloride, to effect the separation and arrangement of 
acids into groups. : 

Most of the insoluble compounds of silver dissolve in dilute 
nitric acid; chloride, bromide, iodide, aud cyanide, ferrocyan- 
ide, ferricyanide, and sulphide of silver are insoluble in that 
menstruum. Silver nitrate is therefore a most excellent agent 
to distinguish and separate from all other acids the acids corre- 
sponding to the last enumerated compounds of silver. Many 
of the insoluble salts of silver exhibit a peculiar color (silver 
chromate, silver arsenate) or manifest a characteristic deport- 
ment with other reagents or upon the application of heat 
(silver formate); silver nitrate is therefore an important agent 
for the positive detection of certain acids. 


i) 


| § 70. 
4. Leap Aceratr, Pb (C,H,0O,),*, crystallized + 3H, O. 


The best lead acetate of commerce is sufficiently pure; for 
use dissolve 1 part of the salt in 10 parts of water. | 

Tests.—Lead acetate must completely dissolve in water acidi- 
fied with one or two drops of acetic acid; the solution must be 
quite clear and colorless ; hydrogen sulphide must throw down 
all fixed particles from it. On mixing the solution with am- 
monium carbonate in excess, and filtering, the filtrate must not 
show a bluish tint (copper). 

Uses.—Lead forms with a great many acids compounds in- 
soluble in water, which are marked either by peculiarity of 
color or characteristic deportment. Lead acetate therefore pro- 
duces precipitates in the solutions of these acids or of their © 
salts, and serves for the detection of several of them. Thus 
lead chromate is characterized by its yellow color, lead phos- 
phate by its peculiar deportment before the blowpipe, and lead 
malate by its ready fusibility. ; 


§ 71. 
5. Mrrcurovs Nirratr, Hg, (N O,),t, crystallized + 2H, O. 


Preparation.—Pour 1 part of pure nitric acid of 1:2 spec. 
gr. on 1 part of pure mercury in a porcelain dish, and let the 


H, C—CO0 
* Or = G_ 0007 ™ { Or 
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vessel stand twenty-four hours in a cool place; a ue the 
crystals formed from the undissolved mercury and the mother 
liquor, and dissolve them in water mixed with one-sixteenth 
part of nitric acid, by trituration in a mortar. Filter the solu- 
tion, and keep the filtrate in a bottle with some metallic mer 
cury covering the bottom of the vessel. 

Yests.—The solution of mercurous nitrate must give with 
dilute hydrochloric acid a copious white precipitate of mercur- 
ous chloride; hydrogen sulphide must produce no precipitate 
in the fluid filtered from this, or at all events only a trifling 
black precipitate (mercuric sulphide). 

Uses.—Mercurous nitrate acts in an analogous manner to the 
corresponding silver salt. In the first place, it precipitates 
many acids, and, in the second place, it serves for the detection 
of several readily oxidizable bodies, ¢.g., of formic acid, as the 
oxidation of such bodies, which takes place at the expense of 
the oxygen of the mercurous salt, is attended with the highly 
characteristic separation of metallic mercury. 


§ 72. 
6. Mrrcuric Cutorme, He Cl.,. 


The corrosive sublimate of commerce is sufficiently pure. 
For use dissolve 1 part of salt in 16 parts of water. 

Uses.—Mercuric chloride gives with several acids, e.g., with 
hydriodic acid, peculiarly colored precipitates, and may accord- 
ingly be used for the detection of these acids. It is an impor- 
tant agent for the detection of tin, where that metal is in solu- 
tion in the state of stannous chloride; if only the smallest quan- 
tity of that compound is present the addition of mercuric chlo- 
ride in excess to the solution is followed by separation of mereu- 
rous chloride insoluble in water. In a similar manner mercuric 


_ chloride serves also for the detection of formic acid. 


§ 73, 


7. Corrrr Sutpnate, or Curric Surrnate, Ou S 0,7, 
crystallized + 5H, O. 


oF Preparation.—This reagent may be obtained in a state of 
great purity from the residue remaining in the flask in the 


process of preparing hydrogen sodium sulphite (§ 51), by treat- 


_ ing with water, a»plying heat, filtering, adding a few drops of 


* Or, S 0:<0> Cu. 
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nitric acid, boiling for some time, allowing to crystallize, and 
urifying the salt by recrystallization. or use dissolve 1 part 

in 10 parts of water. 

Tests.—After precipitation by hydrogen sulphide, ammonia 
and ammonium sulphide must leave the filtrate unaltered. 

Uses.—Copper sulphate is employed in qualitative analysis 
to effect the precipitation of hydriodic acid in the form of cu- 
prous iodide. For this purpose it is necessary to mix the solu- 
tion of one part of copper sulphate with 2} parts of ferrous 
sulphate, iiheces half of the iodine will separate in the free 
state. The ferrous salt changes in this process to.ferric salt, at. 
the expense of the cupric sulphate, which latter is thus reduced 
to cuprous salt ;* copper sulphate is used also for the detection 
of arsenious and arsenic acids; it serves likewise as a test for 
the soluble ferrocyanides. 


§ 74. 
8. Srannovs Cutorme, Sn Cl,, crystallized + 2H, O. 


Preparation.—Reduce grain tin to powder by means of a 
file, or by fusing it in a small porcelain dish, removing from 
the fire, and triturating with a pestle until it has passed again 
to the solid state. Boil the powder for some time with concen- 
trated hydrochloric acid and a few drops of platinic chloride in 
a flask (taking care always to have an excess of tin in the ves- 
sel) until hydrogen gas is scarcely evolved; dilute the solution 
with 4 times the quantity of water slightly acidulated with hy- 
drochloric¢ acid, and filter. Keep the filtrate for use in a we |- 
stoppered bottle containing small pieces of metallic tin, or sonie 
pure tin-foil, If these precautions are neglected the stannous 
chloride will soon change to stannic chloride, with separation 
of white oxychloride, which will render the reagent unfit for 
use. 

Tests.—Solution of stannous chloride must, when added to 
excess of solution of mercuric chloride, immediately produce a 
white precipitate of mercurous chloride; when treated with 
hydrogen sulphide it must give a dark brown precipitate; it 
mM not be precipitated nor rendered turbid by sulphuric 
acid. ys 

Uses—The great tendency of stannous chloride to absorb 
oxygen, and thus to form stannic oxide, or rather stannic 
chloride, as the stannic oxide at the moment of its formation 
decomposes with the free hydrochloric acid present—makes this 
substance one of our most powerful reducing agents. It is 


more particularly suited to withdraw part or the whole of the — 


chlorine from chlorides. We employ it in the course of analy: 


sis as a test for mercury; also to effect the detection of gold. 


* (Fe Ss O,). + (Cu Ss Q,)2 = Fe, (Ss O,)s + Cu, Ss O.. 


§§ 75, 76, 77. ] AURIC CHLORIDE. _ 85 


§ 75. 
9. Pratinic Cutorme, Pt Cl,, crystallized + 10H,O. 


Preparation.—Heat in a clay crucible 5 parts of zinc to fu 
sion, with sufficient common salt to cover the surface and pre- 
vent its oxidation, then introduce 1 part of platinum scraps in 
small quantities at a time into the fused metal. An alloy is 
formed from which the zinc is to be removed by digesting in 
somewhat dilute common hydrochloric acid, until all efferves- 
cence ceases, and subsequent boiling for a time with fresh hy- 
drochloric acid. The residual platinum is completely washed 
with water and boiled with nitric acid. It is again washed, 
and finally dissolved by warming with concentrated hydrochloric 
acid and some nitric acid. Evaporate the solution on the 
water-bath, with addition of hydrochloric acid, and dissolve the 
semifluid residue in 10 parts of water for use. 

Tests—Platinic chloride must, upon evaporation to dryness 
: the water-bath, leave a residue which dissolves completely in 
alcohol. 

Uses.—Platinic chloride forms very sparingly soluble double 
salts with potassium chloride and ammonium chloride (also 
with ezsium and rubidium chlorides), but a very soluble dou- 
_ ble salt with sodium chloride ; it serves therefore for discrimi- 
nating the alkali metals. 


§ 76. 
10. Soprum Pariapro-cutormxr, Pd Cl, 2Na Cl. 


Dissolve 5 parts of palladium in nitrohydrochloric acid, add 6 
parts of pure sodium chloride, evaporate in the water-bath to 
dryness, and dissolve 1 part of the residuary double salt in 12 
parts of water for use. The brownish solution affords an ex- 
cellent means for detecting and separating iodine. 


& TT. 
11. Avric Cutoripx, or Gorp Tricutorme, Au Cl,. 


Preparation.—Take fine shreds of gold, which may be al- 
loyed with silver or copper, treat them in a flask with nitrohy- 
drochloric acid in excess, and apply a gentle heat until no more 
of the metal dissolves, then dilute the solution with 10 parts of 
water. If the gold was alloyed with copper—which is known 
by the brownish-red precipitate produced by potassium ferro- 
eyanide in a portion of the solution diluted with water—mix it 
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with solution of ferrous sulphate in excess. This will reduce 
the auric chloride to metallic gold, which will separate in the 
form of a fine brownish-black powder ; wash the powder in a 
small flask, and redissolve it in nitrohydrochloric acid ; evapo- 
rate the solution on the water-bath, and dissolve the residue in 
30 parts of water. If the gold was alloyed with silver, the lat- 
ter metal remains as chloride upon treating the alloy with nitro- 
hydrochloric acid. In that case evaporate the solution at once, 
and dissolve the residue in water for use. 

Uses.—Gold trichloride has a great tendency to yield up its 
chlorine; it therefore readily converts lower chlorides inte 
higher chlorides, and lower oxides,with the co-operation of water, 
into higher oxides. These chloridations or oxidations are usually 
indicated by the precipitation of pure metallic gold in the form 
of a brownish-black powder. In the course of analysis this re- 
agent is used only for the detection of stannous salts, in the 
solutions of which it produces a brownish-red or purple color 
or precipitate. 


B. REAGENTS IN THE DRY WAY. 


L Fuvxres anp Decomposing AGENTS. 


§ 78. 
1. Soprum Carzonatz, Na, C O,. 
Preparation and tests as in § 49, }, c, and d. 


Uses.—If silicic oxide or a silicate is fused with about 4 
parts (consequently with an excess) of sodium carbonate, car- 
bonie gas escapes with effervescence, and a basic alkali-silicate 
is formed, which, being soluble in water, may be readily separ: 
ated from such metallic oxides as it may contain in admixture ; 
from this basic alkali-silicate hydrochloric acid separates the 
silicic acid. For this fusion, if traces of silica are to be looked 
for, the flux must be prepared as given § 46, ¢, ord. If sodi- 
um carbonate is fused together with sulphates of barium, stron- 
tium, or calcium, there are formed carbonates of the alkali- 
earth metals and sodium sulphate, in which new compounds 
both the base and the acid of the originally insoluble sult may 
now be readily detected. For this fusion use the sodium car 
bonate, made as directed § 46 6. The fusion with alkali carbon- 
ates is invariably effected in a platinum crucible, provided ne 
reducible metallic compound be present. 


§$ 79, 80.] AMMONIUM CHLORIDE. 82 


§ 79. 
2. Catcium Carponare, Ca CO,.* 


_ Preparation—Solution of pure calcium chloride, § 65, is 
heated to boiling and precipitated by a slight excess of solution 
of ammonium carbonate with addition of some ammonia, § 50. 
The precipitate is washed 5 or 6 times with hot water by de- 
cantation, then is brought upon a filter and further edulcorated 
until the washings give no turbidity with silver nitrate. The 
contents of the filter are then dried and bottled. 

Tests.—Calcinm carbonate for use as a flux, must be free 
from salts of the fixed alkalies. When washed with hot water 
the washing must yield no residue when evaporated to dryness. 
For uses, see ammonium chloride, § 80. 


§ 80. 
38. Ammonium Cutorips, N H, Cl. 


Preparation.—Crystals of ammonium chloride, prepared as 
described in § 56, are dried and preserved in a wide-mouthed 
bottle. 

Tests—Ammonium chloride must be free from salts of the 
alkali metals. A considerable quantity, when ignited in a 
platinum vessel, must leave no residue. 

Uses—When a silicate, containing alkali metals, that is in- 
soluble in acids, is intimately mixed in a state of fine powder 
with ammonium chloride and calcium carbonate in suitable 
proportions, and heated for some time in a platinum crucible, 
amass results, from which hot water extracts, besides caustic 
lime and calcium chloride, the alkalies of the silicate in the form 
of chlorides ; while the silica and other bases remain behind 
undissolved. Ammonium carbonate (or oxalate) may be used 
to remove the lime from the solution, and the filtrate, on evap- 
oration to dryness and ignition yields the alkali metals as pure 
chlorides (or carbonates). In this operation the larger share of 
the calcium carbonate, at a red heat, loses carbonic gas and is 
converted into caustic lime. A smaller portion, by the action 
of ammonium chloride, is converted into calcium chloride, 
which, readily fusing, allows the lime and silicate to come into 
intimate contact, whereby insoluble basic calcium silicate and 
soluble alkali chlorides result—(J. Lawrence Smith.) This is 
incomparably the best method of finuxing silicates for the sepa- 
ration of the alkali metals. See § 210, 2. ¢. 


* Or, CO<0>Ca. 
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§ 81. 
4, Soprum Nirrare, Na N O, or NaO.N O,. 


Preparation.—Neutralize pure nitric acid with pure sodium 
carbonate exactly, and evaporate to crystallization. Dry the 
crystals thoroughly, triturate, and keep the powder for use. 

Tests.—A solution of sodium nitrate must not be made tur- 
bid by solution of silver nitrate or barium nitrate, nor pre- 
cipitated by sodium carbonate. 

Uses.—Sodium nitrate serves as a very powerful oxidizing 
agent, by yielding oxygen to combustible substances when 
heated with them. We use this reagent principally to convert 
several inetallic sulphides, and more particularly the sulphides 
oi! tin, antimony, and arsenic into oxides or acids; also to effect 
the rapid and complete combustion of organic substances. For 
the latter purpose, however, ammonium nitrate is sometimes 
preferable ; it is prepared by saturating nitric acid with ammo- 
num carbonate. 


§ 82. 


5. Soprum Disutpuates, K, S, O,.* 


Preparation.—Mix 7 parts of pure sodium sulphate (obtained 
by recrystallization of clean Glauber’s salts, and drying away 
the water of crystallization at a gentle heat) with 5 parts of 
pure concentrated sulphuric acid, in a platinum dish or large 
platinum crucible, heat to low redness till the mass is in a state 
of calm fusion, then pour out into a platinum dish placed in 
cold water, or upon a piece of porcelain, break the cake into 
smaller pieces and keep for use. 

L'ests.—The sodium disulphate must dissolve in water with 
ease to a clear fluid with a strong acid reaction. The solution 
must not be rendered turbid or precipitated by hydrogen sul- 
phide or by ammonia and ammonium sulphide. 

Uses.—The sudium disulphate at the temperature of fusion 
dissolves and decomposes many bodies, which cannot be dis- 
solved and decomposed by acids in the wet way without consid- 
erable difficulty, such as ignited alumina, titanic oxide, chrome 
ironstone, &e. This reagent, therefore, is of service in effecting 
the solution or decomposition of such bodies. The fusion is 
preferably effected in platinum vessels. 


KOSO 
* Or, K0S0,>?: 
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II. Browrrer Reagents. 
8 83, 
1, Sopruom Carzonatr, Na, CO, or Na O—CO—ONa. 


Preparation.—See § 49. 

Uses.—Sodium carbonate serves, in the first place, to pro > 
mote the reduction of oxidized substances in the inner flame of 
the blowpipe. In fusing it brings the oxides into the most in- 
timate contact with the charcoal support, and enables the flame 
to embrace every part of the substance under examination. 
With salts of the heavy metals the reduction is preceded by 
separation of the base. It co-operates in this process also chemi 
eally by the transposition of its constituents (according to R. 
Waener, in consequence of the formation of sodium cyanide) 
Where the quantity operated upon was very minute, the re- 
duced metal is often found in the pores of the charcoal. In 
such cases the parts surrounding the cavity which contained 
the substance are dug out with a knife, and triturated in a 
small mortar; the charcoal is then washed off from the metal- 
lie particles, which now become visible either in the form of 
powder or as small spangles, as the case may be. 

Sodium carbonate serves, in the second place, as a solvent. 
Platinum wire is the most convenient support for testing the 
solubility of substances in fusing sodium carbonate. A few 
only of the bases dissolve in fusing sodium carbonate, but acids 
dissolve in it with facility. Sodium carbonate is also applied 
as a decomposing agent and flux, and more particularly to effect 
the decomposition of the insoluble sulphates, with which it ex- 
changes acids, the newly-formed sodium sulphate being reduced 
at the same time to sodium sulphide ; and to effect the decom- 
position of arsenions sulphide with which it forms a double 
arsenious and sodium sulphide, and sodium arsenite or arsenate, 
thus converting it to a state which permits its subsequent reduc- 
tion by hydrogen. Sodium carbonate also is the most sensitive 
reagent in the dry way for the detection of manganese, as it 
produces when fused in the outer flame with a substance con- 
taining manganese a green opaque bead, owing to the forma- 
won of sodium manganate. 


§ 84. 
2. Porassium Oyanipg, K Oy. 
Preparation. —See § 57. 


Uses.—Potassium cyanide is an exceedingly powerful redue 
img agent in the dry way ; indeed it excels in its action almost 
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all other reagents of the same class, and separates the metals 
not only from most oxygen compounds, but also from many 
sulphur compounds. This reduction is attended in the former 
case with formation of potassium cyanate, by the absorption of 
oxygen, and in the latter case with formation of potassium sul 
phocyanate, by the taking up of sulphur. By means of this re- 
agent we may effect the reduction of metals from their com- 
pounds with the greatest possible facility ; thus we may, for in 
stance, produce metallic antimony from antimonious acid on 
from antimony suiphides, metallic iron from ferric oxide, ete. 
The readiness with which potassium cyanide enters into fusion 
facilitates the reduction of the metals greatly; the process may 
usually be conducted even in a porcelain crucible over a spirit 
or gas lamp. Potassium cyanide is a most valuable and impor- 
tant agent to effect the reduction of stannic oxide, antimonie 
oxide, and more particularly of arsenious sulphide. Potassium 
_ cyanide is equally important as a blowpipe reagent. Its action 

is exceedingly energetic; substances like stannic oxide, the re- 
duction of which by means of sodium carbonate requires a tol- 
erably strong flame, are reduced by potassium cyanide with the 
greatest facility. In blowpipe experiments we invariably use 
a mixture of equal parts of sodium carbonate and potassium 
cyanide ; the admixture of the former is intended here to check 
in some measure the excessive fusibility of the potassium cya- 
nide. This mixture, besides being a far more powerful reduc- 
ing agent than the simple sodium carbonate, has, moreover, this 
great advantage over the latter, that it is absorbed by the pores 
of the charcoal with extreme facility, and thus permits the 
production of the metallic globules in a state of the greatest 


purity 


§ 85. 


8. Soprum Trerrasorats. Borax. 
(Na, B, O,*), crystallized +10H, O. 


The purity of commercial borax may be tested by adding te 
its solution sodium carbonate, or,after previous addition of nitric 
acid, solution of barium nitrate or of silver nitrate. The bo- 
rax may be considered pure.if these reagents fail to produce any 
alteration in the solution; but if either of them causes the for- 
mation of a precipitate, or renders the fluid turbid, recrystalli- 
zation is necessary. The pure crystallized borax is exposed to 


0=B—0—B< Na 


*o ; 
2 O=B—O—B<o Na, 
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_a gentle heat, in a platinum crucible, until it ceases to swell; 
it is then left to cool, and afterwards pulverized and kept fo: 
use. 

Borax in a state of fusion decomposes metallic salts and dis: 
solves metallic oxides with formation of characteristically col- 
o1ed glasses, which makes it one of the most valuable of reagents. 
In the process of fusing with borax we usually select platinum 
wire for a support; the loop of the wire is moistened or heated 
to redness, then dipped into the powder, and exposed to the outer 
flame ;'a colorless bead of fused borax is thus produced. A 
sinall portion of the substance is then attached to the bead, by 
bringing the latter into contact with it whilst still hot or having 
previously moistened it. The bead with the substance adhering 
is now exposed to the gas or blowpipe flame, and the reac- 
tions are observed. The following points ought to be more 
particularly watched :—(1) Whether or not the substance dis- 
solves to a transparent bead, and whether or not the bead re- 
tains its transparency on cooling ; (2) whether the bead exhib- 
its a distinct color, which in many cases at once clearly indi- 
cates the individual metal which the substance contains; as is 
the case, for instance, with cobalt; and (3) whether the bead 
manifests the same ora different deportment in the outer and in 
the inner flame. Reactions of the latter kind arise from the en- 
suing reduction of higher to lower oxides, or even to the metal- 
lie state, and are for some substances particularly characteristic, 


§ 85 a. 


4. Hyprogen Sopium Ammonium Puospoate. Wicrocosmic 
Salt, Salt of Phosphorus. 


(ANa NH,) PO,*, crystallized + 8H,0. 
and Sopium Mrrapuospuate Na PO,. 


Preparation.—a. Heat to boiling 6 parts of pyerogen diso- 


_ dium phosphate and 1 part of pure ammonium chloride with 2 


parts of water, and let the solution cool. Free the erystals pro- 
duced, from the sodium chloride which adheres to them, by re- 
crystallization, with addition of some solution of ammonia. 
Dry the purified crystals, pulverize, and keep for use. 

. Take 2 equal parts of pure tribasic phosphoric acid, and 
add solution of soda to the one, solution of ammonia to the 
other, until both fluids have a distinct alkaline reaction; mix 
the two together, and let the mixture crystallize. 


OH 


* Or, POAO No 
ON 
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Zests.—-Iydrogen sodium ammonium phosphate dissulvee 
in water to a fluid with feebly alkaline reaction. The yellow 
precipitate produced m this fluid by silver nitrate must com- 
pletely dissolve in nitric acid. Upon fusion on a platinum 
Wire, microcosmic salt must give a clear and colorless bead. 

Uses,—On heating two molecules of hydrogen sodium am- 
monium phosphate, a molecule of water and one of ammonia 
escape, together with the water of crystallization, leaving hy- 
drogen sodium pyrophosphate H, Na, P, O,;* upon heating 
nore strongly an additional molecule of water escapes, and two 
molecules of readily fusible sodiwm mctaphosphate, Na PO,, + 
are left behind. The action of sodium metaphosphate is quite 
analogous to that of sodium tetraborate. We prefer it, how- 
ever, in some cases to borax as a solvent or flux, the beads 
which it forms with many substances being more distinctly 
colored than those of borax. Platinum wire is also used for a 
support in the process of fluxing with sodium metaphosphate ; 
the loop must be made small and narrow, otherwise the head 
will not adhere to it. The operation is conducted as directed 
in the preceding paragraph. 


8 85 8, 
5. Copatr Nirrate. Co (N O,),t, crystallized + 5 H, O. © 


Preparation.—F use in a Hessian crucible 3 parts of potas- 
sium disulphate, and add to the fused mass, in small por- 
tions at a time, 1 part of well-roasted cobalt ore (the purest 
zaffre you can procure) reduced to fine powder. The mass 
thickens and acquires a pasty consistence. Heat now more 
strongly until it has become more fluid again, and continue to 
apply heat until the excess of sulphuric acid is completely ex- 
ser and the mass accordingly no longer emits white fumes. 

move the fused mass now from the crucible with an iron 
spoon or spatula, let it cool, and reduce it to powder; boil this 
with water until the undissolved portion presents a soft mass ; 
then filter the rose-red solution, which is free from arsenic and 
nickel, and mostly also from iron. Add to the filtrate a small 
quantity of sodium carbonate, so as to throw down a little co- 
balt carbonate, boil, and filter. Precipitate the solution which 
is now free from iron, boiling with sodium carbonate, wash the 
precipitate well, and treat it still moist with oxalic acid in ex- 


cess. Wash the rose-red cobalt oxalate thoroughly, dry, and — 


heat to redness in a glass tube, in a current of hydrogen gas, 


OH 
i 
PO—ONa 
wo NO, O. 
Te gee t0r,POZG nN, $01, NO? > 00 
PO—ONa 
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§ 86.| DEPORTMENT OF BODIES WITH REAGENTS. 98 


This decomp»ses the oxalate into carbonic gas, which escapes. 
and metallic cobalt which is left behind. Wash the metal, first 
with water containing acetic acid, then with pure water, dis- 
solve in dilute nitric acid, treat, if necessary, with hydrogen 
sulphide, filter the fluid from the copper sulphide, &e., which 
may precipitate, evaporate the solution in the water-bath te 
dryness, and dissolve 1 part of the residue in 10 parts of water 
for use. 

Tests.—Solution of cobalt nitrate must be free from other 
metals, and especially also from salts of the alkali metals; when 
precipitated with ammonium sulphide and filtered, the filtrate 
must upon evaporation on platinum leave no fixed residue. 

Uses.—Cobalt monoxide forms upomignition with certain in- 
fusible bodies (zine oxide, alumina) peculiarly colored com 
pounds, and may according Fy their detection. 


s 


+. 4 _ : 7 

SECTION 4 Gl. 

REACTIONS, OR DEPORTMENT OF BODIES WITH 
REAGENTS. 


§ 86. 


Israrep in my introductory remarks that the operations and 
experiments of qualitative analysis have for their object the 
conversion of the unknown constituents of any given compound 
into forms of which we know the deportment, relations, and 
properties, and which will accordingly permit us to draw cor- 
rect inferences regarding the several constituents of which the 
analyzed compound consists. The greater or less value of such 
analytical experiments, like that of all other inquiries and in- 
vestigations, depends upon the greater or less degree of cer- 
tainty with which they lead to definite results, no matter wheth- 
er of a positive or negative nature. But as a question does 
not render us any the wiser if we do not know the language in 
which the answer is returned, so in like manner will analytical 
investigations prove unavailing if we do not understand the 
mode of expression in which the desired information is con- 
veyed to us; in other words, if we do not know how to inter- 
pret the phenomena produced by the action of our reagents 
upon the substance examined. 

Before we can therefore proceed to enter upon the practical 
investigation of analytical chemistry, it is indispensable that we 
should really possess the most perfect knowledge of the deport: 
ment, relations, and properties of the new forims into which we 
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intend to convert the substances we wish to analyze. Now this 
perfect knowledge consists, in the first place, in a clear concep- 
tion and comprehension of the conditions necessary for the for- 
mation of the new compounds and the manifestation of the va- 
rious reactions ; and in the second place, in a distinct impres- 
sion of the color, form, and physical properties which charac- 
terize the new compound. This section of the work demands 
therefore not only the most careful and attentive study, but re- 
quires, moreover, that the student should examine, and, as far , 
as pte verify by actual experiment every fact asserted in it. 

have, in the present work, arranged those substances which 
are in many respects analogous, into groups, thus, by compar- 
ing their analogies with poeir differences, to place the latter in 
the clearest possible light <4 4 


\ ye} i 


A.—Derprortment, of THE Mi ‘mostty Basico Raproazs. 
: “hye ed 


4 


— 


* OVPF, 

Before proceeding to the special study of the several metals, 
[ give here a general view of the whole of them classified in 
groups, showing which belong to each group. The grounds 
upon which the classification has been arranged will appear 
from the special consideration of the several groups. 

First group— 

Potassium, sodium, ammonium (cesium, rubidium, lith- 
ium). 

Second group— 

Barium, strontium, calcium, magnesium. 

Lhird group— 

Aluminium, chromium (glucinum, or beryllium, thorium, 
zirconium, yttrium, erbium, cerium, lanthanium, didymium, 
titanium, tantalium, niobium). 

Fourth group— 

Zinc, manganese, nickel, cobalt, iron (uranium, thallium, in- 
dium, vanadium). 

Fifth group— 

Silver, mercury, lead, bismuth, copper, cadmium (palladium, 
rhodium, osmium, ruthenium). 

Sixth group— 

Gold, platinum, tin, antimony, arsenic (iridium, molybde- 
num, tellurium, tungsten, selenium). 

Of these metals only those printed in italics are found dis- 
tributed extensively and in large quantities in that portion of 
the earth’s crust which is accessible to our investigations; these 
‘are therefore most important to chemistry, arts and manufac- 
tures, agriculture, pharmacy, &c.; and we shall therefore 
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dwell upon tliem at greater length. The remainder are more 
briefly considered in paragraphs printed in smaller type, which 
may be passed over by the younger class of students of analyt- 
ical chemistry. The less important reactions of the common 
elements are also printed in smaller type. The properties and 
reactions of the metals themselves 1 have given only in the 
case of those that are more frequently met with in the metal- 
lic state. 


§ 88. 


FIRST GROUP. 


More common metals :—Porasstum, Soprum, Ammonium. 

Rarer metals :—Cstum, R a | ‘Liraium. 

Properties of the group. The metals of the first group— 
alkali metals—are lighter than water; and decompose it, are 
highly oxidizable and inflammable, and have a silvery brilliant 
metallic lustre. The metal G£.thé first’ group are generally 
regarded as wniwalent or monadelements. .The hydroxides of 
the metals of the first group—the alkalies—are readily soluble 
in water, as are also the sulphides,/carbonates, and phosphates 
of these metals. (Lithium carbonate and phosphate, however, 
dissolve with difficulty.) Accordingly the alkalies do not. pre- 
cipitate one another, nor do the alkali carbonates or phosphates 
(in the case of lithium, however, a high degree of dilution of 
the solutions is presupposed), nor are they precipitated by hydro- 
gen sulphide under any conditions whatever. The solutions of 
the pure alkalies, as well as of the sulphides and carbonates of 
this group, restore the blue color of reddened litmus-paper, 
and impart an intensely brown tint to turmeric paper. 


Special Reactions of the more common Metals of the First 
Group. 


§ 89. 
a. Porasstum, K. 39.1. 


1. Porassium is soft as wax at common temperatures, melts 
at 62.5° and at a low red-heat rises in green vapor. It in- 
tantly tarnishes on exposure to air, and must be kept in 
aaphtha. Thrown on water, it burns with evolution of hydro- 
gen, and with a purple flame, and dissolves to a bitter, caustic, 
alkaline solution of hydroxide, H,O +K=H+kKOH. ; 

2. PorassiIuM HYDROXIDE and PorassIlUM SALTS are not vola- 
tile at a faint red-heat. The hydroxide deliquesces in the air; 
the oily liquid formed absorbs carbon dioxide rapidly from the 
air, buf without solidifying. 
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3. Nearly the whole of the porassium sarrs are soluble ir 
water. ‘Those with colorless acids are co.orless. The norma. 
salts with strong acids do not alter vegetable colors. Potassinm 
carbonate crystallizes (in combination with 2 molecules of 
water) with difficulty, and deliquesces in the air. Potassium 
sulphate is anhydrous and suffers no alteration in the air. Use 
JX Cl for the following reactions. 

4. Platinic chloride produces in the neutral and acid solu- 
tions of potassium salts a yellow crystalline heavy precipitate 
of POTASSIUM PLATINIc cuLorIDE. (Pt Cl. 2K Cl). In con: 
centrated solutions this precipitate separates immediately upon 
the addition of the reagent: in dilute solutions it forms only 
after some time, often after a considerable time. Very dilute 
solutions are not precipitated by the reagent. The precipitate 
consists of octahedrons discernible under the microscope. A1- 
kaline solutions must be acidi ied ith hydrochloric acid before 
the platinic chloride is adde She precipitate is difficultly 


soluble in water ; the «présenée, @f free acids does not greatly 
increase its solubglity Mit is InsOluble in alcohol. Platinic 
chloride is therefore a particilarly delicate test for potassium 
salts dissolved in alcohol. The “best method of applying this 


reagent is to evaporate the aqueous solution of the potassium 
salt with platinic chloride nearly to dryness on the water-bath, 
and to pour a little water over the residue (or, better still, some 
alcohol), provided no substances insoluble in that menstruum 
be present), when the potassium platinic chloride will be left 
undissolved. Care must be taken not to confound this double 


salt with ammonium platinic chloride which greatly resembles 
it {see § 91, 5). 


5. Tartarie acid produces in neutral or alkaline * solutions—a white, 
quickly subsiding, granular crystalline precipitate of HYDROGEN POTASSIUM 
TARTRATE (C,yHsKOc)t. In concentrated solutions this precipitate 
separates immediately; in dilute solutions often only after the lapse of a 
considerable time. Vigorous shaking or stirring of the fluid greatly pro- 
motes its formation. Very dilute solutions are not precipitated by this re- 
agent. Free alkalies and free mineral acids dissolve the precipitate ; it is 
sparingly soluble in cold, but pretty readily soluble in hot water. In acid 
solutions the free acid must, if practicable, first be expelled by evapore- 
tion and ignition, or the solution must be neutralized with sodium hydro«- 
ide or carbonate. 

Hydrogen sodium tartrate answers still better as a test for potassium than 
free tartaric acid. The reaction is the same in kind, but different in de- 
gree, being much more delicate with the salt than with the free acid, since 
where the former is used the sodium salt of the acid that was combined 
with the potassium is formed, whereas where free tartaric acid is the test 


applied, the acid originally combined with the potassium is liberated, 


which tends to increase the dissolving action of the water present upon the 


* To alkaline solutions the reagent must be adde1 until the fluid shows a 
strongly acid reaction. 
¢ H (0 H)—COOH 


” CHO H)—COOK, 
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hydrogen potassium tartrate, and thus to. check the separation of the 
latter. 

6. If a potassic salt which is volatile at an intense red heat 
is held on the loop of a fine platinum wire in the fusing zone 
of the Bunsen gas-lamp (p. 26), the salt volatilizes, and imparts 
& BLUE VIOLET tint to the part of the flame above the sample. 
Potassium chloride and potassium nitrate volatilize rapidly, the 
carbonate and sulphate less rapidly, and the phosphate still 
more slowly; but they all of them distinctly show the reaction, 
though decreasing in degree. If it is wished to obtain a more 
uniform manifestation of the reaction, 7.e., a manifestation in- 
dependent of the nature of the acid that may chance to be 
combined with the potassium, the sample need simply be 
moistened with sulphuric acid, dried at the border of the 
flame, and then introduced into the fusing zone. With sili- 
cates, and other potassium compounds of difficult volatility, the 
reaction may be insured by fusing the sample first with pure 
gypsum, as this serves to form calcium silicate and potassium 
sulphate, which latter salt then readily colors the flame. De- 
crepitating salts are ignited in a platinum spoon before they 
are attached to the loop. The sample of the potassiuin salt 
may also be held before the apex of the inner dlowpipe flame 
produced with a spirit-lamp. Presence of a sodium salt com- 
pletely obscures the potassium coloration of the flame. 

The spectrum of the potassium flame produced by the spec- 
troscope (p. 81) is mapped on Plate I. It contains two char- 
acteristic lines, the red line « and the indigo blue line ®. If 
potassium flame is observed through the éndigo prism (p. 30) 
the coloration appears sky-blue, violet, and at last intensely 
crimson, even through the thickest layers of the solution. 
Admixtures of calcic, sodic, and lithic compounds do not 
alter this reaction, as the yellow rays cannot penetrate the: 
indigo solution, and the rays of the lithium flame also are: 
only able to pass through the thinner layers of that solution,. 
but not through the thicker layers; the exact spot where the 
penetrating power of the rays of the lithium flame ceases has. 
to be marked by the operator on his indigo prism. But organic: 
substances which impart luminosity to the flame might lead to. 
mistakes, and must therefore, if present, first be destroyed by 
heat. Instead of the indigo prism a blue glass may be used:: 
if lithium is present the glass must be sufticiently thick te 
keep out the red lithium rays. 


8 90. 
6. Soprum, Na. 23. 


1. Soprom closely resembles potassium, melts, however, at a 
higher temperature, viz. 97.6°. Thrown on hot water it buras 


7 
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with intense yellow flame, leaving its hydroxide in solution. 
W,0 +Na=NaO +H. 

2, Soprum uypRoxiwwEe and Sopium saxrs present in general 
the same properties and reactions as potassium and its corre- 
sponding compounds. The oily fluid which sodium hydroxide 
forms by deliquescing in the air resolidifies speedily by ab- 
sorption of carbon dioxide. Sodium carbonate crystallizes 
readily ; the crystals (Na, C O, + 10H, O) effloresce rapidly 
when exposed to the air. The same applies to the erystals of 
sodium sulphate, Na, S O, + 10H, O. 


3. If a sufficiently concentrated solution of a sodium salt with neutral 
or alkaline reaction is mixed, for greater convenience, in a watch-glass, 
with a solution of granular potassium pyroantimonate prepared according 
to the directions of § 54, the mixture remains clear at first, or appears only 
slightly turbid; but upon rubbing the part of the glass wetted by the 
fluid with a glass rod, a crystalline precipitate of soprUM PYROANTIMON- 
ATE (She O; H. Nas + 6H2 O) speedily separates, which makes its appear- 
ance first along the lines rubbed with the rod, and subsides from the fluid 
as a heavy sandy precipitate. From dilute solutions of sodium salts the 
precipitate separates only after some time, occasionally as much as twelve 
‘hours. From very dilute solutions it does not separate at all. The pre- 
cipitated sodium pyroantimonate is invariably crystalline. Where it has 
separated slowly it occasionally consists of well-formed microscopic cubic 
octahedrons, but more frequently of four-sided columns tapering pyramid 
fashion; where it has separated promptly, it appears in the form of small 
boat-shaped crystals. Presence of large quantities of potassium salts in- 
terferes very considerably with the reaction. Acid solutions cannot be 
tested with potassium pyroantimonate, as free acids will separate from the 
latter substance metantimonic acid. It is indispensable, therefore, before 
adding the reagent, to remove, if possible, the free acid by evaporation or 
ignition, or where this is not practicable, by neutralizing the acid solution 
with a little potassium carbonate until the reaction is feebly alkaline. It 
should also be borne in mind that only those solutions can be tested with 
potassium pyroantimonate which contain no other salts besides those of 
sodium and potassium. 


4. If sodium salts are held in the fusing zone of the Bunsen 
gas-lamp, or in the inner blowpipe flame, they show, with re- 
gard to their relative volatility and the action of decomposing 
agents upon them, a similar deportment to the salts of potas — 
sium; the sodium salts are, however, a little less volatile than 
the corresponding potassium salts. But the most characteristic 
sign of the presence of sodium salts is the INTENSE YELLOW 
COLORATION Which they impart to the flame. This reaction will 
effect the detection of even the minutest quantities of sodium, 
and is not obscured by the presence of large quantities of po- 
.tassium salts. 

The spectrum (Plate I.) shows only a single yellow line « in 
an ordinary spectroscope, but with a very powerful apparatus 
two lines will be visible distinctly, although they are exceed- 
ingly close to each other. The reaction is so delicate that the 
sodium chloride contained in atmospheric dust generally suffices. 
to give a sodium spectrum, although a faint one. 
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It is characteristic «f the sodium flaine that a crystal of po- 
tassium dichromate appears colorless in its light, and that a 
slip of paper coated with mercuric iodide appears white, with a 
faint shade of yellow (Bunsxn) ; also that it looks orange yel- 
low when observed through a green glass (Merz). These re- 
actions are not obscured by presence of salts of potassium, 
lithium, and calcium. 


5: Platinie chloride produces no precipitate in neutral or acid solutions 
of sodium salts. Sodium platinic chloride dissolves readily both in water 
and in spirit of wine ; it crystallizes in long yellow prisms. 

6. Tartaric acid and hydrogen sodium tartrate fail to precipitate even 
concentrated neutral solutions of sodium salts. 


§ 91. 
o. Ammonium, N H,. 18. 


1. Astmmontum does not exist as such, but in the ammonium 
salts the group N I, acts as a univalent basic radical, analo- 
gous to K and Na. It probably exists in combination with mer- 
eury in the ‘ ammonium amalgam,” but if so it quickly breaks 
up into N H, and H. . 

2. Ammonta (N H,) is gaseous at the common temperature ; 
but we have most frequently to deal with it in its aqueous solu- 
tion, in which it betrays its presence at once by its penetrating 
odor. It is expelled from this solution by the application of 
heat. It may be assumed that the solution contains it as am- 
monium hydroxide (N H,O H) (see § 37). 

3. All the ammonium satrs are volatile at a low heat, either 
with or without decomposition. Most of them are readily sol- 
uble in water. The solutions are colorless. The normal com- 
| of ammonium with strong acids do not alter vegetable 
colors. 

4, Jf ammonium sALts are triturated together with slached 
lime, best with the addition of a few drops of water, or are, 
either in the solid state or in solution, heated with solution of 
potassa or of soda, ammonia is liberated in the gaseous state, 
and betrays its presence—1, by its characteristic odor; 2, by 
its REACTION on moistened test-papers; and 38, by giving rise to. 
the formation of wiry Fumes when any object (¢. g., a glass 
rod) moistened with hydrochloric acid, nitric acid, acetic acid, 
or any of the volatile acids, is brought in contact with it. 
These fumes arise from the formation of solid ammonium salts 
_ produced by the contact of the gases in the air. Hydrochloric 
acid is the most delicate test in this respect; acetic acid, how- 


_ ever, admits less readily of a mistake. If the expulsion of the 
ammonia is effected in a small beaker, best with slacked lime, 
__ with addition of a very little water, and the beaker is covered: 
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with a watch-glass having aslip of moistened turmeric or red 
dened litmus paper attached to the centre of the convex side, 
the reaction will show the presence of even very minute quan- 
tities of ammonia; only it is not immediate in such cases, but 
requires some time for its manifestation. It is promoted and 
accelerated by application of a gentle heat. 

5. Platinic chloride shows the saine deportment with ammonic 
salts as with salts of potassium ; the yellow precipitate of ammo- 
NIUM PLATINIC CHLORIDE (Pt Cl,. 2N H, Cl) consists, like the cor- 
responding potassium compound, of octahedrons discernible 
under the microscope. 

6. Tartaric acid throws down after some time from most highly concen- 
trated solutions with neutral reaction, part of the ammonium as HYDROGEN 
AMMONIUM TARTRATE Cy Hs (N Hs) Oc. Less concentrated solutions are 
not precipitated. Hydrogen sodium tartrate precipitates concentrated so- 
lutions more completely, and produces a precipitate even in more dilute 
solutions. The precipitate is white and crystalline. Its separation may be 
promoted by shaking the glass, or rubbing it inside with a glass rod. By 
solvents it is acted upon like the corresponding potassium salt, only that 
it is a little more readily soluble in water and in acids. 


§ 92. 


Recapitulation and remarks.—The potassium and sodium 
salts are not volatile at a moderate red-heat, whilst the ammo- 
nium salts volatilize readily ; the latter may therefore be easily 
separated from the former by ignition. The expulsion of an- 
monia by slacked lime affords the surest means of ascertaining 
the presence of ammonium salts. Salts of potassium can be de- 
tected in the wet way only after the removal of the ammoniacal 
salts which may be present, since both classes of salts manifest 
the same or a similar deportment with platinic chloride and ta,r- 
taric acid. After the removal of the ammonium compounds 
potassium is clearly and positively characterized by either of 
these two reagents. The reactions will only show in concen- 
trated fluids; dilute solutions must therefore first be concen- 
trated. A single drop of a concentrated solution will give a 
positive result, which cannot be obtained with a large quantity 
of a dilute fluid. 


The most simple way of detecting potassium in the two sparingly solu- 
ble compounds that have come under our consideration here—viz., the potas- 
sium platinic chloride and the hydrogen potassium tartrate—is to decompose 
these salts by gentle ignition ; the former thereupon yields potassium chlo- 
ride, the latter; potassium carbonate. For the direct detection of potassium 
in potassium iodide, tartaric acid is better suited than platinic chloride, 
since where the latter reagent is used the separation of the potassium plati- 
nie chloride is interfered with in consequence of the formation of a 
dark red fluid containing platinum diniodide and iodide and free 
iodine. ; : 

Sodium may be detected with positive certainty in the wet way by 
potassium pyroantimonate, provided the reagent be properly prepared 
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and freshly dissolved, and the sodium salt solution be concentrated, neu 
tral, or feebly alkaline, and free from other bases, and that it be borne ir 
mind that sodium pyroantimonate invariably separates in the crystal- 
line form, and never in a flocculent state. To detect in this way very mi- 
nute quantities of sodium in presence of a large proportion of potassium, 
precipitate the latter with platinic chloride, filter, remove the platinum 
from the filtrate by hydrogen sulphide (§ 127), filter, evaporate the filtrate 
to dryness, ignite gently, dissolve the residue in a very little water, and 
then test the solution finally with potassium pyroantimonate. 


Potassium and sodium may be detected much more readily 
and speedily than in the wet way, and also with far greater 
delicacy, by the flame coloration. We have seen, indeed, that 
the sodium coloration completely obscures the potassium color- 
ation, even though the potassium salt contains only a trifling 
admixture of sodium salt. But with the aid of the spectroscope 
the spectra of the two are obtained so distinct and beautiful 
that a mistake is altogether impossible. And even without a 
spectroscope the potassium coloration can always be distinctly 
recognized through the indigo prism, or through a blue glass, 
even in a flame colored strongly yellow by sodium, and the so- 
dium coloration again may be placed beyond doubt, if neces- 
sary, with the aid of mercuric iodide paper, or green glass, in 
the manner already described. 

{The following simple method, due to J. Lawrence Smith, 
serves for the direct detection of both sodium and potassium in 
absence of lithium when existing as chlorides and free from 
organic acids and other bases. A small fragment of the solid 
substance, which need not exceed ,th of an inch in diame- 
ter, or a drop of its concentrated aqueous solution, is placed on 
a slip of glass, and to it is added a single drop of solution of 
platinie chloride. The plate is gently warmed; if potassium 
be present a yellow deposit soon forms, which, under a magni- 
fier, is seen to consist of octahedral crystals of potassium plati- 
nic chloride; the warming is continued until the liquid begins 
to dry on the edges; if it then be examined with the magnifier 
the characteristic yellow prisms or needles of sodium platinic 
chloride will be seen, or they will appear on further slow 
evaporation.—Ep. ] 


The following methods serve for the detection of ammonium in exceed- 
ingly minute quantities, as for instance in natural waters; they depend 
upon the separation of certain mercury compounds which are insoluble 
in water, and which contain the nitrogen or the nitrogen and part of the 
hydrogen of the ammonia. 

a. If water containing a trace of ammonia (37055) or ammonium carbon- 
ate is mixed with a few drops of solution of mercuric chloride, a white pre- 
cipitate is formed, even in very dilute solution; the precipitate consists of 
mercurammonium chloride (N HsHg" Cl): 2NHs + Hg"Cl = N HeHg’ Cl + 
NH.Cl. If the solution is extraordinarily dilute no turbidity occurs, 
but on the addition of a few drops of solution of sodium carbonate, the 
fluid will become turbid or opalescent after a few minutes. This reaction 
takes place when water containing a trace of a normal ammonium salt is 


~ 
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mixed with a few drops of solution of mercuric chloride and a few drops 
of solution of sodium carbonate: The precipitate which separates on the 
addition of sodium carbonate consists of one molecule of the previously 
mentioned precipitate with two molecules of mercuric oxide, N Hs + 
2Hg" Cl + 2K. C Os = (N H: Hg" Cl + Hg" O) + 8K C1 + K HCO; +CO;,. 
‘oo much mereuric chloride and sodium carbonate must not be added, 
otherwise a yellow precipitate of mercuric oxychloride would be formed 
(Bouiic, ScHOYEN). 

b. Upon adding to a solution of potassium mercuric iodide containing 
potassa * a little of a fluid containing ammonia, or an ammonium salt, a 
reddish-brown preciditate is formed if the ammonia is present in some 
quantity ; but there is, at any rate, always a yellow coloration produced, 
even if only most minute traces of ammonia are present. The precipitate 
consists of dimeicurammunium iodide (N Hg," I. H.O): the reaction is 
thus: 2 (2KI, Hg” lL.) + NHs + 83KHO = NHg", I. H,O + 7KI + 2 HO. 
Application of heat promotes the separation of the precipitate. Presence 
of chlorides of the alkali metals, or of salts of the alkalies with oxygen 
acids, does not interfere with the reaction; but presence of potassium cyan- 
ide, and of potassium sulphide, will prevent it (J. NEssLER). 


§ 93. 
Special Reactions of the rarer Metals of the First Group. 
1. Casrum, Cs. 133, and 2. Rusiprum, Rb. 85.4. 


The cesium and rubidium compounds are, it would appear, found 
pretty widely disseminated in nature, but in very minute quantities only. 
They have hitherto been found chiefly in the mother liquors of mineral 
waters, and in a few minerals (lepidolite, melaphyr, carnallite). Csesium 
has been found in considerable quantities in pollux, and traces of rubidi- 


um have’ been. found in the ashes of plants. The cesium and rubidium - 


compounds bear in general great resemblance to the potassium compounds, 
more particularly in this, that their concentrated aqueous solutions are pre- 
cipitated by tartaric acid and by platinic. chloride, and also that those of 
them that are volatile at a red heat tinge the flame violet. 'The most nota- 
hle characteristic differences, on the other hand, are that the precipitates 
produced by platinic chloride are far more insoluble in water than the 
potassium platinic chloride; 100 grm. water will, at 10° dissolve 900 
mgrm. potassium platinic chloride, but only 154 mgrm. of the rubidium 
platinic chloride, and as little as 50 mgrm. of the ceesium platinic chloride. 
Again, the alums show great differences as regards their solubility in cold 
water; thus 100 parts of water at 17° dissolve 13°5 parts of potassium alum, 
2:27 parts of rubidium alum, and °619 parts of cesium alum, But above 
all, the flames colored by cesium and rubidium compounds give spectra 
quite different from the potassium spectrum (see Piate I). The ceesium 
spectrum is especially characterized by the two blue lines a and 8, which 
are remarkable for their wonderful intensity and sharp outline; also ny 
the line y, which, however, is less strongly marked. Amongst the lines in 
the rubidium spectrum, the splendid indigo-blue lines marked a and & 
strike the eye by their extreme brilliancy. Less brilliant, but still very 


* Prepared as follows. Dissolve 2 grm. potassium iodide in 5 c.c. water, 
heat the solution, and add mercuric iodide till the last portion remains undis- 
solved. Let the mixture cool, then dilute with 20 c.c. water. Let the fluid 
stand some time, filter, and mix 20 c.c. of the filtrate with 30 c.c. of a concen- 
trated solution of potassa ; should the fluid turn turbid, filter it once more. 
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characteristic, are the lines § and y. To detect both alkalies in presence 
of each other by the spectroscope, the chlorides should be taken and not 
the carbonates, since with the latter salts the rubidium spectrum is not 
always distinct in the presence of the caesium spectrum (ALLEN, HEINTZ). 
We have still to mention that cesium carbonate is soluble in absolute alco- 
hol, whilst rubidium carbonate is insoluble in that menstruum. Still, a 
separation of the two metals is effected only with difficulty by this means, 
as they seem to form a double salt which is not absolutely insoluble in 
aleohol. It is more easy to separate them when they are in the form of 
acid tartrates; the hydrogen rubidium tartrate dissolyes in 8:5 parts of 
boiling water, and 84°57 parts of water at 25°, while the corresponding 
salt of cesium dissolves in 1°02 parts of boiling water, and 10°32 parts of 
water at 25° (ALLEN). (The hydrogen potassium tartrate requires 15 parts 
of boiling water, and 89 parts of water at 25°.) 

[Stannie chloride does not affect dilute neutral solutions of cesium chlo- 
ride, but on addition of an equal volume of strong hydrochloric acid, a 
dense crystalline precipitate of nearly pure cesium stannic chloride Sn 
Ose Cle, is thrown down which is but slightly soluble in hydrochloric acid 
(Suarp.iess). Ammonium salts give a similar reaction, and must be 
removed by ignition. To purify the cesium precipitate, wash it with 
strong HCl, dissolve in boiling water containing some HCl, and throw 
dewn again with strong HCl (SroLBe).—Ep. } 


3. Lirurum, Li. 7. 


Lithium is also found pretty widely disseminated in nature, ut in mi- 
nute quantities only. It is often met with in the analysis of mineral waters 
and ashes of plants, less frequently in the analysis of minerals, and only 
rarely in that of technical and pharmaceutical products. Lithium forms 
the transition from the first to the second group. Its hydroxide dissolves 
with difficulty in water; it does not attract moisture from the air. Most 
of its salts are soluble in water; some of them are deliquescent (lithium 
chloride). Lithium carbonate is difficultly soluble, particularly in cold 
- water. Hydrogen sodium phosphate produces in not over-dilute solutions 
of salts of lithium upon boiling, a white crystalline precipitate of lithium 
phosphate (Lis PO, + H:0) which quickly subsides to the bottom of the 
precipitating vessel. This reaction, which is characteristic of lithium, is 
rendered much more delicate by adding with the sodium phosphate a little 
solution of soda, just sufficient to leave the reaction alkaline, evaporating 
the mixture to dryness, treating the residue with water, and adding an 
equal volume of liquid ammonia. By this course of proceeding even very 
minute quantities of lithium will be separated as Lis PO, +4H.O. The 
precipitate fuses before the blowpipe, and gives upon fusion with sodium 
carbonate a clear bead; when fused upon charcoal it is absorbed by the 
pores of the latter body. It dissolves in hydrochloric acid to a fluid 
which, when diluted and supersaturated with ammonia, remains clear in 
the cold, but upon boiling gives a heavy crystalline precipitate of Lis PO, 
+4H.0. (Reactions by which the lithium phosphate differs from the 
phosphates of the alkali earth metals.) Yartarie acid and platinic chloride 
fail to precipitate even concentrated solutions of lithic salts. If salts of 
lithium are exposed to the gas or blowpipe flame, in the manner described 
§ 89, 5, they tinge the flames carmine-red. Silicates containing lithium 
require addition of gypsum to produce this reaction. Lithium phosphate 
will tinge the flame carmine-red if the fused bead is moistened with hydro- 
chloric acid. The sodium coloration conceals the lithium coloration; in 
presence of sodium, therefore, the lithium tint must be viewed through a blue 
glass, or through a thin layer of indigo solution. Presence of a sinall pro- 
portion of potassium will not conceal the lithium coloration. In presence 
of a large proportion of potassium, the lithium may be identified by plac 
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ing the substance in the fusing zone, viewing the colored flame through 
the indigo prism and comparing it with a pure potassium flame produced 
in the opposite part of the fusing zone. Viewed through thin layers, the 
lithium colored flame appears now redder than the pure potassium flame ; 
viewed through somewhat thicker layers, the flames appear at last equally 
red, if the proportion of the lithium to the potassium is only trifling; 
but when lithium predominates in the examined sample the intensity of 
the red coloration imparted by lithium decreases perceptibly when viewed 
through thicker layers, whilst the pure potassium flame is scarcely impaired 
thereby. By this means lithium may be detected in potassium salts, even 
though present only in the proportion of one part in several thousand 
parts of the latter. Sodium, unless present in over-large quantities, inter- 
feres but little with these reactions (CARTMELL, BUNSEN). 

The lithium spectrum (Plate I.) is most brilliantly characterized by the 
splendid carmine-red line a, and the orange-yellow very faint line 8. The 
fiuame of a Bunsen burner yields only these two lines, but if lithium chlo- 
ride is introduced into a hydrogen flame, a dull blue line is perceptible 
which becomes brilliant if the oxyhydrogen flame is used. Its position 
almost coincides with the weaker of the two blue lines of casium (Tyn- 
DALL, FRANKLAND). If alcohol be poured over lithium chloride, and then 
isznited, the flame shows also a carmine-red tint. Presence of sodium salts 
will mask this reaction. 


To detect small quantities of casium, rubidium, and lithium in presence 
of very large quantities of sodium or potassium, extract the dry chlorides, 
with addition of a few drops of hydrochloric acid, with alcohol of 90 per 
cent., which leaves behind the far larger portion of the sodium chloride 
and potassium chloride. Evaporate the solution to dryness, dissolve the 
residue in a little water, and precipitate with platinic chloride. Filter the 
fiuid off, boil the precipitate repeatedly with small quantities of water, to 
remove the potassium platinic chloride present, and examine in the course 
of this process repeatedly by the spectroscope. The potassium spectrum 
will now be found to grow fainter and fainter, whilst the spectra of rubi- 
dium and ceesium will become visible, if these metals are present. Evapor- 
ate the fluid filtered off from the platinum, precipitate to dryness, heat the 
residue to slight rednessin a current of hydrogen, to decompose the sodium 
platinic chloride and the excess of platinic chloride, moisten with hydro- 
chloric acid, drive off the ecid again, and extract the lithium chloride 
fiually with a mixture of absolute alcohol and ether, The evaporation of 
the solution obtained leaves the lithium chloride behind in a state of 
almost perfect purity ; it may then be further examined and tested. Before 
drawing fromthe simple coloration of the flame the conclusion that lithium 
is present, it is advisable, in order to guard against the chance of error, to 
test a portion of the residue, dissolved in water, with sulphuric acid and 
alcohol, to make quite sure that strontium or calcium is not present. The 
addition of hydrochloric acid, which is repeatedly prescribed in the above 
process to precede the extraction of the lithium chloride with alcohol, is 
necessary for this reason, that lithium chloride is, even at a moderate red- 
heat, converted by the action of aqueous vapor into lithium hydroxide, 
which then attracts carbonic acid, forming lithium carbonate, which is 
insoluble in alcohol. 


§ 94. 
SECOND GROUP. 
Barium, Srronrium, Catcrum, Macnestum. 


Properties of the growp—The alkali-earth metals have a 
brilliant lustre. Their color is white (barium and magnesium) 
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or yellow (strontium and calcium). They are heavier than 
water and decompose water (magnesium slowly) at common 
temperatures. ‘They are regarded as bivalent or dyad elements. 
The monoxides and corresponding hydroxides of the metals of 
the second group are termed the alkali-earths, the monoxides 
when put in contact with water unite with it to form hydrox- 
ides, which dissolve in additional water. Magnesia, however 
dissolves but very sparingly in water. The solutions manifest 
alkaline reaction; the alkaline reaction of magnesia is most 
clearly apparent when that earth is laid upon moistened test- 
paper. The neutral carbonates and phosphates of the alkali- 
earth metals are insoluble in water; the solutions of their salts 
are therefore precipitated by carbonates and phosphates of the 
alkali metals. This reaction distinguishes the metals of the 
second group from those of the first. From the metals of the 
other groups they are distinguished by the solutions being 
neither precipitated by hydrogen sulphide, nor by ammonium 
sulphide. The alkali earths and the salts of their metals are 
white or colorless, and not volatile at a moderate red-heat. The 
solutions of the nitrates and chlorides of this group are not pre- 
cipitated by barium carbouate. 


Special Leuctions. 
§ B®. 
a. Barium, Ba. 137. 


1. Barium nyproxmer, Ba (OII),, is pretty readily soluble 
in hot water, but rather sparingly so in cold water; it dissolves 
freely in dilute hydrochloric or nitric acid. It fuses at a red 
heat without losing water. 

2. Moxt of the BARrtum saurs are insoluble in water. The 
soluble salts do not affect vegetable colors, and are decomposed 
upon ignition in a glass tube, with the exception of chloride, 
bromide, and iodide of barium. The insoluble salts dissolve 
in dilute hydrochloric acid, except barium sulphate and barium 
silico-fluoride. Barium nitrate and chloride are insoluble in 
alcohol, and do not deliquesce in the air. Concentrated solu- 
tions of barium salts are precipitated by hydrochlorie or nitric 
acid added in large proportions, as barium chloride and nitrate 
are not soluble in the aqueous solutions of the said acids. 

3. Ammonia produces no precipitate in aqueous solutions of 
barium salts; potassu or sodu (free from carbonic acid) only in 
highly concentrated solutions. Water redissolves the bulky 
precipitate of hydroxide or orysrats or Baryra (Ba H,O, 8aq.) 
produced by potassa or soda, : » 

4, Soluble carbonates (of the alkali-metals) throw down 
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BARIUM CARBONATE (Ba C O,) in the form of a white precipitate. 
If the solution was previously acid, complete precipitation takes 
place only upon heating the fluid. In ammonium chloride the 
precipitate is soluble to a trifling yet clearly perceptible extent ; 
ammonium carbonate therefore produces no precipitate in very 
dilute baric solutions containing much ammonium chloride. 

5. Sulphuric acid and all the soluble sulphates, more par- 
ticularly also solution of calcium sulphate, produce, even in 
very dilute solutions, a heavy, finely pulverulent, white precipi- 
tate of Barium sutpHAtE (BaS O,), which is insoluble in alka- 
lies, nearly so in dilute acids, but perceptibly soluble in boil- 
ing concentrated hydrochloric and nitric acids, as well as in 
concentrated solutions of ammonium salts; however, in these 
latter only if there is ne excess of sulphuric acid or a sulphate 
present. This precipitate is generally formed immediately 


upon the addition of the reagent ; from highly dilute solutions, _ 


however, especially when strongly acid, it separates only after 
some time. 

6. Hydroftuosilicic acid throws down BARIUM SILICO-FLUORIDE 
(Ba F,. Si F,) in the form of a colorless crystalline quickly subsid- 
ing precipitate. In dilute solutions this precipitate is formed 
only after the lapse of some time; it is perceptibly soluble in 
hydrochloric and nitric acids. Addition of an equal volume 
of alcohol hastens the. precipitation and makes it so complete 
that the filtrate remains clear upon addition of sulphuric acid. 

7. Sodium phosphate produées in neutral or alkaline solutions 
a white precipitate of BARIUM HYDROGEN PHosPHATE (Ba H P QO)), 
which is soluble in free acids. Addition of ammonia only 
slightly increases the quantity of this precipitate, a portion of 


which is in this process converted into barium phosphate, - 


Ba,(P O,),. Ammonium chloride dissolves the precipitate to a 
clearly perceptible extent. 

8. Aminonium oxalate produces in moderately dilute so- 
Intions a white pulverulent precipitate of BARIUM OXALATE 
(C,O,Ba. H,0), which is soluble in hydrochloric and_ nitric 
acids. When recently thrown down, this precipitate dissolves 
also in oxalic and acetic acids; but the solutions speedily de- 
posit barium binoxalate ((C,O,H),Ba.4H,O) in the form of a 
crystalline powder. 

9. Potassium chromate and dichromate produce a bright yel- 
low precipitate of barium chromate (Ba CrO,) even in very 
dilute solutions of baric salts. The precipitate dissolves readily 
in hydrochloric or nitric acid to a yellowish red solution, from 
which it is thrown down again by ammonia. 

10. If baric salts are held on the loop of a platinum wire in 
the fusing zone of the Bunsen gas flame, the part of the flame 
above the sample is colored YELLOWISH GREEN}; or if the baric 
salts are held in the inner dlowpipe flame, the same colora- 
tion is imparted tothe part of the flame beyond the sample 
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With the soluble baric salts, and also with the barium ecarbo- 
nate and sulphate, the reaction is immediate or very soon, but 
the phosphate requires previous moistening of the sample with 
sulphuric acid or hydrochlori¢ acid, by which means the barium 
may be detected by the flame coloration also in silicates decom- 
posable by acids. Silicates which hydrochloric acid fails to du- 
compose must be fused with sodium carbonate, when the barium 
carbonate produced will show the reaction. It is characteristic 
of the yellowish-green barium coloration of the flame that it 
appears bluish-green when viewed through the green glass. If 
the sulphates are selected for the experiment, presence of cal- 
cium and strontium will not interfere with the reaction. The 
barium spectrum is shown in Plate I. The green lines « and 
are the most intense; y is less marked, but still character- 
istic. The platinum wire sometimes contains barium (Kraut), 
hence it is well to see first whether it will give a barium spec- 
trum by itself. 

11. Cold solutions of hydrogen carbonates of the alkali 
metals or of ammonium carbonate, fail to decompose barium 
sulphate, or, to speak more correctly, they decompose that salt 
only to a scarcely perceptible extent ; the same applies to a boil- 
ing solution of 1 part of potassium carbonate and 3 paris of po- 
tassium sulphate. Repeated action of boiling solution of sodium 
or potassium carbonate upon barium sulphate succeeds in the end 
completely in decomposing that salt. It is readily decomposed 
also by fusion with sodium carbonate, which results in the for- 
mation of sodium sulphate, soluble in water, and of barium 
carbonate, insoluble in that menstruum. 


§ 96. 
6. Srrontium Sr. 87°6. 


1. Srronrium HyDRoxIDE and the srrontium sats havemearly 
the same general properties and reactions as the corresponding 
barium compounds. Strontium hydroxide is more sparingly 
soluble in water than barium hydroxide. Strontium chloride 
dissolves in absolute alcohol and deliquesces in moist. air. 
Strontium nitrate is insoluble in absolute alcohol and does not 
deliquesce in the air. 

2. The salts of strontium show with ammonia, potassa, and 
soda, and also with the carbonates of the alkalt metals, and 
with sodium phosphate, nearly the same reactions as the barium 
salts. Strontium carbonate dissolves somewhat more difticultly 
in ammonium chloride than barium carbonate. 

3. Sulphuric acid and sulphates throw down stRoNTIUM sUL- 
puare (Sr § O,) in the form of a white precipitate. Thrown 
down by dilute sulphuric acid from concentrated solutions, it is 
at first flocculent and amorphous, afterwards pulverulent and 
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crystalline; thrown down by dilute sulphuric acid from dilute 
solutions, or produced by solutions of sulphates, it is imme- 
diately pulverulent and crystalline. Application of heat 
greatly promotes the precipitation. Strontium sulphate is 
far more soluble in water than barium sulphate; owing to 
this readier solubility, the precipitated strontium sulphate 
separates from rather dilute solutions only after the lapse of 
some time ; and this is invariably the case (even in concentrated 
solutions) if solution of calcium sulphate is used as precipitant. 
Strontium sulphate is insoluble in spirit of wine; addition of 
alcohol will therefore promote the separation of the precipitate. 
In hydrochloric acid and in nitric acid, strontium sulphate dis- 
solves perceptibly. Presence of large quantities of these acids 
will accordingly most seriously impair the delicacy of the reac- — 
tion. Solution of strontium sulphate in hydrochlori¢ acid is, 
after dilution with water, rendered turbid by barium chloride. 
Stroutium sulphate does not dissolve on boiling in a concen- 
trated solution of ammonium sulphate. 

4, Hydrofluosilicic avid fails to produce a precipitate even in 
vwoncentrated solutions; even upon addition of an equal volume 
vf alcohol no precipitation takes place, except in very highly 
concentrated solutions. 

5. Ammonium oxalate precipitates even from rather dilute 
solutions STRONTIUM OXALATE, in the form of a white powder, 
which dissolves readily in hydrochlori¢ and nitric acid, and 
perceptibly in ammonium salts, but is only sparingly soluble 
in oxalic and acetic acid. 

6. Potassium dichromate does not precipitate solutions of 
salts of strontium, even when they are concentrated. Potassium 
chromate at first produces ne precipitate, but on long standing, 
if the solution is not very dilate, light yellow strontium chro- 
mate separates in the crystaliine form. The crystals are but 
slightly soluble in water, but readily soluble in hydrochloric, 
nitriey and chromie acids. 

7. If a stroutium salt is held in the fusing zone of the Bunsen 
gus flame, or in the inner blowpipe flame, an INTENSELY 
RED COLOR is imparted to the flame. The reaction is the most 
distinct with strontium chloride, less clear with hydroxide and 
carbonate, fainter still with sulphate, and scarcely appears with 
strontium salts of fixed acids. The sample is therefore, after 
its first exposure to the flame, moistened with hydrochloric acid, 
and then again exposed to the flame. If strentium sulphate is 
likely to be present, the sample is first exposed a short time to 
the reducing flame (to produce strontium sulphide), before it is 
moistened with hydrochloric acid. Viewed through the dlwe 
glass, the strontium flame appears purple or rose (difference 
between strontium and ¢alcium, which latter body shows a faint — 
greenish gray color whén treated in this manner) ; this reaction 
is the mest clearly apparent, if the sample is moistened with 
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hydrochloric acid when brought into the flame. In presence of 
a the strontium reaction shows only upon the first intro- 

ction of the sample moistened with hydrochloric acid into 
the flame. The strontium spectrum is shown in Plate 1. It 
contains a number of characteristic lines, more especially the 
orange line «, the red lines 8 and y, and the blue line 4, which 
latter is more particularly suited for the detection of strontium, 
in presence of barium and calcium. | 

8, Strontium sulphate is completely decon:posed by continued 
digestion with solutions of ammonium carbonate or of hydro- 
gen alkali carbonates, but much more rapidly by boiling with 
a solution of 1 part of potassium carbonate and 3 parts of 
putassium sulphate (essential difference between strontium 
sulphate and barium sulphate). 


§ 97. 
c. Caxotum. Ca. 40. 


1. Cancium oxipr (quicklime), catctum HypRoxipE (slacked 
lime) and catcrum sats present in their general properties and 
reactions, a great similarity to the corresponding barium and 
strontium compounds. Calcium hydroxide is far more difficult- 
ly soluble in water than the barium and strontium hydroxides ; 
it dissolves also more sparingly in hot than in cold water. Cal- 
cium hydroxide loses its water upon ignition. Calcium chloride 
and nitrate are soluble in absolute alcohol and deliquesce in 
the air. 

2. Ammonia, potassa, carbonates of the alkali metals arid 
sodium phosphate show nearly the same reactions with calciuin 
as with bariuin salts. Necently precipitated CALCIUM CARBON- 
ate (Ca CQ,) is bulky and amorphous—after a time, and im- 
mediately upon application of heat, it shrinks and assumes a 
crystalline form. Recently precipitated calcium carbonate dis- 
solves pretty readily in solution of ammonium chloride; but 
the solution speedily becomes turbid, and deposits the greater 
part of the dissolved salt in form of crystals. 

3. Sulphuric acid and sodium sulphate produce immedi- 
ately in highly concentrated solutions, white precipitates of caL- 
clUM SULPHATE (Ca S O,. 2H,O), which redissolve completely in a 
large proportion gf water, and are still far more soluble in acids. 
Calcium sulphate dissolves readily on boiling in a concentrated 
- solution of ammonium sulphate. In less concentrated solu- 
tions the precipitates are formed only after the lapse of some 
_ time; and no precipitation whatever takes piace in dilute solu- 
sions. Solutions of calcium sulphate, of course, cannot produce 
a precipitate in calcium salts; but ever a cold saturated solu- 


tion of potassium sulphate, mixed with 3 parts of water, produ 


* 
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ces a precipitate only after standing from twelve to twenty- 
four hours. In solutions of calcium salts, which are so vex 
dilute that.sulphuric acid has no apparent action on them, 
precipitate will form upon addition of two volumes of alcohol 
either immediately, or after the lapse of some time. 

4. LHydrofluosilicte acid does not precipitate calcium salts, 
even when an equal volume of alcohol is added. 
5b. Ammonium oxalate produces a white pulverulent pre- 
cipitate of catcrum oxaLare. If the fluids are in any degree. 
concentrated or hot, the precipitate (C, Ca O,. 2.aq.) forms at 
once; but if they are very dilute and cold, it forms only after 
some time, in which latter case it is more distinctly crystalline 
and consists of a mixture of the above salt with O, Ca O,. 6 aq. 
Calcium oxalate dissolves readily in hydrochloric and nitric 
acids; but acetic and oxalic acids fail to dissolve it to any per- 
ceptible extent. 

6. Neither potassium chromate nor dichromate precipitate 
solutions of salts of calcium. ty 

7 If calcium salts are held in the fusing zone of the Bun- 
sen gus flame, or in the inner blowpipe flame, they impart 
to the flame a YELLowIsn-RED color. This reaction is the most 
distinct with calcium chloride; calcium sulphate shows it only 
after its incipient decomposition, and calcium carbonate also 
most distinctly after the escape of the carbonic acid. Com- 
pounds of calcium with fixed acids do not color flame ; those of 
them which are decomposed by hydrochloric acid will, however, 
show the reaction after moistening with that acid. The reac- 
tion is in such cases promoted by flattening the loop of the pla- 
tinum wire, placing a small portion of the calcic compound 
upon it, letting it frit, adding a drop of hydrochloric acid, 
which remains hanging to the loop, and then holding the latter 
in the fusing zone. The reaction shows now the most distinet 
light immediately upon the disappearance of the drop, which in 
this process, as in Lemrnrrosy’s phenomenon, evaporates with- 
out boiling (Bunsen). Viewed through the green glass the cal- 
cium coloration of the flame appears finch-green colored on 
bringing the sample moistened with hydrochloric acid into the 
flame (difference between calcium and strontium, which latter — 
substance under similar circumstances shows a very faint yel- 
low. (Méerz). In presence of barium the calcium reaction ~ 
shows only upon the first introduction of the sample into the 
flame. The caletwm spectrum is shown in Plate I. The in- 
tensely green line 8 is more particularly characteristic, also the 
intensely orange line a. It requires a very good apparatus to 
show the indigo-blue line to the right of @ in the solar spee- 
trum, as this is much less luminous than the other lines. <4 

8. With carbonates and hydrogen carbonates of the alkali me- _ 
tals, also with a solution of potassium carbonate and sulphate, — 
calcium sulphate shows the same reactions as strontium sulphate. — 
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§ 98. 
d. Macnesium. Meg. 24. 


1. Maeyestum is silver white, hard, ductile, of 1°74 sp. gr 
[t melts at a moderate red heat, and volatilizes at a white heat. 
When ignitea in the air it burns with a dazzling white flaine 
to magnesium oxide It preserves its lustre in dry air, but it 


gradually becomes coated with hydroxide when exposed to 


moist air. Pure water is not decomposed by magnesium at the 
ordinary temperature, but in water acidulated with hydrochlo- 
ri¢ or sulphuric acid, magnesium dissolves rapidly with evolu- 
tion of hydrogen. 

2. MaGnesium oxipe and uyproxipe are white powders of far 
greater bulk than the other oxides and hydroxides of this 

roup, and are nearly insoluble both in cold and hot water. 

“he hydroxide loses water upon ignition. 

3. Some of the satrs or MAGNEsIUM are soluble in water, 
others are insoluble in that fluid. The soluble salts have a 
nauseous bitter taste: the normal salts do not alter vegetable 
colors; with the exception of the sulphate, they undergo de- 
composition when gently ignited, and the greater part of them 
even upon simple evaporation of their solutions. Magnesium 
sulphate loses its acid at a white heat. Nearly all the mag- 
nesium salts which are insoluble in water dissolve readily in 
hydrochloric acid. 

4. Ammonia throws down from the solutions of normal salts 
part of the magnesium as nypRoxipr (Mg (O ),) in the form 
of a white bulky precipitate. The rest of the magnesium re- 
mains in solution as a double salt, viz. in combination with 
the ammonium salt which forms upon the decomposition of the 
magnesium salts. These double salts are not decomposed by a 
small excess of ammonia. It is owing to this tendency of mag- 
nesium salts to form such double salts with ammonie compounds 
that ammonia fails to precipitate them in presence of a sufli- 
cient proportion of an ammonium salt with neutral reaction ; 
or what comes to the saine, that ammonia produces no pre- 
cipitate in solutions of magnesium containing a snfliicient 


a quantity of free acid, and that precipitates produced by am- 


inonia in neutral solutions of magnesium are redissolved upon 
the addition of ammonium chloride. It should be borne in mind 
that in solutions containing only 1 molecule of an ammonium 
salt [(N H,),S O, or N H,Cl} to 1 molecule of magnesium salt, 
aithough no precipitate is produced by the addition of a slight 


- excess of ammonia, a portion of the magnesium is, however, 


thrown down on the addition of a large excess of ammonia. 
5. Potassa, soda, baryta, and lime throw down MAGNESIUM 


__ uyproxmsz. The separation of this precipitate is greatly pro 
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moted by boiling the mixture. Ammonium chloride and other 
similar ammonium salts redissolve the washed precipitated 
hydroxide. If the ammonium salts are added in sufficient 
quantity to the magnesium solution before the addition of the 
precipitant, small quantities of the latter fail altogether to pro- 
duce a precipitate. Llowever, upon boiling the solution after- 
wards with an excess of potassa, the precipitate will of course 
make its appearance; since this process causes the Nocona 
tion of the ammonium salt, removing thus the agent which 
retains the magnesium hydroxide in solution. It should be 
remembered that magnesium hydroxide is more soluble in 
solutions of potassium chloride, sodium chloride, potassium 
sulphate, and sodium sulphate than in water, and that on this 
account its precipitation is less complete when these salts are 
present in large quantities. From such solutions the magne- 
sium is, however, thrown down, for the most part, by an excess 
of solution of potassa or solution of soda. 


6. Potassium carbonate and sodium carbonate produce in neutral solu- 
tions a white precipitate of BASIC MAGNESIUM CARBONATE, Mg (O H)po. 
4 MgCO;+10 aq. One-fifth of the carbonic acid of the decomposed 
alkali carbonate is liberated in the process, and combines with a portion 
of the magnesium carbonate to bicarbonate, which remains in solution. 
This carbonic acid is decomposed by boiling, and an additional precipi- 
tate formed (Mg C Os + 8 aq.) while carbon dioxide escapes. Application 
of heat therefore promotes the separation and increases the quantity of the 
precipitate. Ammonium chloride and other similar ammonium salts, 
when present in sufficient quantity, prevent this precipitation also, and 
readily redissolve the precipitates after they have been washed. 

7. If magnesium solutions are mixed with ammonium car- 
bonate, the fluid always remains clear at first; but after stand- 
ing some time, it deposits, more or less quickly according to 
the concentration of the solution, a crystalline precipitate. 
When the ammonium carbonate is in slight excess, the precipi- 
tate consists of magnesium carbonate (MgC O,+ 3 aq.), when 
the ammonium carbonate is in large excess, it consists of MAG- 
NESIUM AMMONIUM CARBONATE (Mg (N H,), (C O,),+ 4 aq.). In 
rather highly dilute solutions this precipitate will not form, 
Addition of ammonia and of excess of ammonium carbonate 
yromotes its separation. Ammonium chloride counteracts it, 
‘a it cannot prevent the formation of the precipitate in rather 
highly concentrated solutions. 

8. Sodium phosphate precipitates from magnesium solutions, 
if they are not too dilute, MAGNESIUM HYDROGEN PHOSPHATE 
(Mg H P O,+ 7 aq.) as a white powder. Upon boiling, mag- 
nesium phosphate (Mg, (P O,), + 7 aq.) separates, even from 
rather dilute solutions. But if the addition of the precipitant 
is preceded by that of ammonium chloride and ammonia a 
white crystalline precipitate of AMMONIUM MAGNESIUM PHOSPHATE 
(NH, Mg P O, + 6 aq.) will separate even from very dilute 
solutions of magnesium; its separation may be greatly pro 
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moted and accelerated by stirring with a glass rod; even 
should the solution be so extremely dilute as to forbid the 
formation of a precipitate, yet the lines of direction in which 
the glass rod has moved along the inside of the vessel will after 
the lapse of some time appear distinctly as white streaks (solu- 
ble in hydrochloric acid). Water and solutions of ammonium 
salts dissolve the precipitate but very slightly ; but it is readily 
soluble in acids, even in acetic acid. In water containing am- 
monia it may be considered insoluble. 

9. Ammonium oxalate produces no precipitate in highly 
dilute solutions of magnesium ; in less dilute solutions no pre- 
cipitate is formed at first, but after standing some time crystal- 
line crusts of various double oxalates of ammonium and mag: 
nesium make their appearance. In highly concentrated solu- 
tions ammonium oxalate very speedily produces precipitates of 
magnesium oxalate (My C,O,. 2 aq.), which contain small quan. 
tities of the above-named double salts. Ammonium chloride, 
especially in presence of free ammonia, interferes with the 
formation of these precipitates, but will not in general abso- 
lutely prevent it. 

10. Sulphuric acid, hydrofluosilicie acid, and potassiwm 
chromate do not precipitate salts of magnesium. 

11. Salts of magnesium do not color flame. 


§ 99. 


' Recapitulation and remarks.—The difficult solubility of the: 
magnesium hydroxide, the ready solubility of the sulphate (un- 
less it is present in the natural form, either anhydrous or com- 
bined with 1 molecule of water), and the disposition of mag- 
nesium salts to form double salts with ammonium compounds, 
are the three principal points in which magnesium differs from: 
the other alkali-earth metals. To detect magnesium in solu- 
tions containing all the alkali-earth metals, we always first 
remove the barium, strontium, and calcium. This is effected. 
most conveniently by means of ammoninm carbonate, with ad- 
dition of some ammonia and of ammonium chloride, and appli- 
cation of heat; since by this process the barium, strontium,. 
and calcium are obtained in a form of combination suited for 
further examination. If the solutions are somewhat dilute, and: 


the precipitated fluid is quickly filtered, the carbonates of bari- 


um, strontium, and calcium are obtained on the filter, whilst 


the whole of the magnesium is found in the filtrate. But as 


ammonium chloride dissolves a little barium carbonate, and also. 
a little calcium carbonate, though much less of the latter than. 
of the former, trifling quantities of these bases are found in the 


filtrate; nay, where only traces of them are present, they mav 


altogether remain in solution. 


8 
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In accurate experiments, therefore, the separation is effected 
in the following way: Divide the filtrate into three portions, 
test one portion with dilute sulphuric acid for the trace of ba- 
riuin which it may contain in solution, aud another portion with 
ainmonium oxalate for the minute trace of calcium which 
may have remained in solution. IPf the two reagents produce 
no turbidity even after some time, test the third portion with 
sodium phosphate for Magnesium. But if one of the reagents 
causes turbidity, filter the fluid from the gradually subsiding 
precipitate, and test the filtrate for magnesiuin. Should both re- 
agents produce precipitates, mix the two first portions together, 
filter after some time, and then test the filtrate. To make 
sure that the precipitate thrown down by ammonium oxalate is 
actually calcium oxalate, and not, as it may be, oxalate of mag- 
nesium and ammonium, dissolve it in very little hydrochloric 
acid, and add dilute sulphuric acid, and then alcohol. 

To show the presence of barium, strontium, and calcium in 
the precipitate produced by ammonium carbonate, dissolve the 
precipitate in some dilute hydrochloric acid; add solution of 
gypsum to a small portion of this solution, when the immedi- 
ate formation of a precipitate will prove the presence of Ba- 
rium. Evaporate the remainder of the hydrochlorie acid solu: 
tion on the water-bath to dryness, and treat the residue with 
absolute alcohol, which will dissolve the strontium chloride and 
the calcium chloride, leaving the greater part of the barium 
chloride undissolved. Mix the alcoholic solution with an equal 
volume of water and a few drops of hydrofluosilicic acid, and 
let the mixture stand several hours, when the last traces of the 
barium present will be found precipitated as barium silicofiuo- 
ride. filter, and add sulphuric acid to the alcoholic filtrate. 
This will throw down the strontium and the calcium. Filter — 
the fluid from the precipitate, wash with weak alcohol, and boil 
the sulphates for some time with a sufficient quantity of am- 
monium sulphate in strong solution, renewing the water as it 
evaporates and adding ammonia, so as to keep the fluid slightly — 
alkaline. Srronrium sulphate remains undissolved, while the — 
calcium sulphate dissolves. After the solution has been much — 
diluted the catctum may be thrown down by ammonium oxa- 
late. ; 

The mixture of strontium and calcium sulphates may also 
be treated as follows: Boil with solution of sodium carbonate. 
By this means the sulphates are converted into carbonates. 
Wash these, dissolve them in nitric acid, evaporate the solution 
to dryness, pulverize the residue and digest it for a consider-~ 
able time with absolute alcohol to which a little ether has been — 
_added, when the calcium nitrate will dissolve, leaving the stron- 
tium nitrate undissolved. ‘The latter may be readily examined, - 
by dissolving in a small quantity of water and adding solution 
of calcium sulphate ; the calcium in the alcoholic solution of 
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calcium nitrate may be detected by the addition of sulphuric 
acid. The precipitate of calcium sulphate thus produced, when 
treated with water, should yield a solution which gives an im- 
mediate and considerable precipitate with ammonium oxa- 
late. 

The best and most convenient way of detecting the alkali-earth metals 
in their phosphates, is to decompose these latter by means of ferric chlo- 
ride with addition of sodium acetate (§ 142). The ozalates of this group 
are converted into carbonates by ignition, preparatory to the detection of 
the several metals which they may contain. 

The following method will serve to analyze mixtures of the sulphates of 
the alkali-earth metals: Extract the mixture under examination with small 
portions of boiling water.. The solution contains the whole of the magne- 
sium sulphate unless it is present in the native anhydrous state, besides a 
trifling quantity of calcium sulphate. Digest the residue, according to H. 
Rosr’s direction, in the cold for 12 hours, with a solution of ammonium 
carbonate, or boil it 10 minutes with a solution of 1 part of carbonate and 
8 parts of sulphate of potassium, filter, wash, then treat with dilute hydro- 
chloric acid, which will dissolve the carbonates of strontium and calcium 
formed, and if the anhydrous native magnesium sulphate was present, 
the magnesium carbonate or the ammonium magnesium carbonate, but al- 
ways also a minute trace of barium (FREsENIUS), leaving behind the unde- 
composed barium sulphate. The latter may then be decomposed by fusion 
with alkali carbonates. The solutions obtained are to be examined further 
according to the above directions. 

The detection of barium, strontium and calcium in the moist way is very 
instructive, but also very laborious and tedious. By means of the spectro- 
scope these metals are much more readily detected even when present all 
three together, According to the nature of the acid, the sample is either 
introduced into the flame directly, or after previous ignition or moisten- 
ing with hydrochloric dcid. To detect very minute quantities of barium 
and strontium in presence of large quantities of calcium, ignite a few 
grammes of the mixed carbonates a few minutes in a platinum crucible 
strongly over the blast,* extract the ignited mass by boiling with a little 
distilled water, evaporate with hydrochloric acid to dryness, and examine 
the residue by spectrum analysis (ENGELBACH). 


§ 100. 
THIRD GROUP. 


More common metals :—Atumrnium, Cnromium. 

Rarer metals:—Grvcinum, Txortum, Zircontum, YTTRIUM, 
_ Ereiom, Cerium, Lanrnanium, Dipymium, Trrantum, Tanra- 
_ uum, Niosrum. 

Properties of the growp.—The oxides and hydroxides of the 
_ third group are insoluble in water. Their sulphides cannot be 
4 Spite in the moist way. Hydrogen sulphide, therefore, 
fails to precipitate the solutions of their salts. Ammonium 
sulphide throws down from the solutions of the salts in which 


| * The carbonates of barium and strontium are much more readily reduced 
_ to the caustic state iu this process than would be the case in the absence of 
salcium carbonate. 
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the metals of the third. group constitute the base,* the hydrox- 
ides in the same way as ammonia. The reaction with ammo- 
nium sulphide distinguishes the metals of the third from those 
of the two preceding groups. 


Special Reactions of the more common Metals of the third 
group. 


§ 101. 
a. Axvuminium, Al 27:4, ¢ 


1. Atuminium is nearly white. It is not oxidized by the ac- 
tion of the air, in compact masses not even upon ignition. It 
may be filed, and is very malleable ; its 985 ic gravity is only 
2°67. It is fusible at a bright red heat. It does not decompose 
water at a boiling heat. Aluminium dissolves readily in hy- 
drochlori¢ acid, as well as in hot solution of potassa, with evo- 
lution of hydrogen. Nitric acid dissolves it only slowly, evs n 
with the aid of heat. 

2, ALUMINIUM oxiDg (Al, O,) or atumra is non-volatile ard 
colorless ; the#iyproxinss are also colorless. Alumina dissolvus 
in dilute acids slowly and with very great difliculty, but move 
readily in concentrated hot hydrochloric acid. In fusing sodi-. 
um disulphate, it dissolves readily to a mass soluble in water. 
The trihydroxide in the amorphous condition is readily soluble 
in acids; in the crystalline state it dissolves in them with very 
great difficulty. By ignition with alkalies, an aluminate is — 
formed which readily dissolves in acids. 

3. The aLuminiuM sacts are colorless and non-volatile; some 
of them are soluble, others insoluble. The anhydrous chloride 
is solid, pale yellow, crystalline, volatile. The soluble salts 
have a sweetish, astringent taste, redden litmus-paper, and lose 
their acid upon ignition, The insoluble salts are dissolved by 
hydrochloric acid, with the exception of certain native com- — 
pounds; the aluminium compounds which are insoluble in 

* While the metals of the third group act as bases towards strong acids, 
they also deport themselves as acids towards strong bases. Aluminium, its 
oxide and its hydroxide, dissolve in sulphuric acid to form aluminium sulphate — 
as § O,)s and in potassa, yielding potassium aluminate Al, (K 0)., or Al 
, + Dice tatien in all its known compounds is apparently a triad. It is, how- 


ever possible, that two tetrad atoms of this element are always associated as a 
sexivalent group, e.g. :— 


7Ol 
Al='0 Al a 
Al,O; = | >= 0 and Al, Cl.= | Cl 


—. ae ha 
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hydrochlorie acid are made soluble by ignition with sodium 
carbonate, or sodium disulphate. Their decomposition and 
solution may be effected also by heating them, reduced to a fine 
powder, with hydrochloric acid of 25 per cent., or with a mix- 
ture of 3 parts by weight of sulphuric acid, and 1 part by 
weight of water, in sealed glass tubes, to 200°-210° for two 
hours (A. Mrrscurrricn). 

4. /otassa and soda throw down from solutions of aluminium 
salts a bulky precipitate of aLtummium uypRoxipE, Al (O H),, 
which contains alkali and generally also an admixture of basic 
salt; this precipitate redissolves readily and completely in an 
excess of the precipitant, but from this solution it is reprecipi- 
tated by addition of ammonium chloride, even in the cold, but 
more completely upon application of heat (compare § 56). The 
precipitate does not dissolve in excess of ammonium chloride. 
The presence of ammonium salts does not prevent the precipi- 
tation by potassa or soda. 

5. Ammonia also produces a precipitate of ALUMINIUM HyY- 
PROXIDE, Which contains ammonia and an admixture of basic 
salt; this precipitate also redissolves in a very considerable 
excess of the precipitant, but with difficulty only, which is the 
greater the larger the quantity of ammonium salts contained in 
the solution. Boiling promotes precipitation, as it drives off 
the excess of ammonia. It is this deportment which accounts 
fur the complete precipitation of aluminium hydroxide from 
solution in potassa by an excess of ammonium chloride. 

6. Sodium carbonate precipitates BASIC ALUMINIUM CARBONATE, which is 
somewhat soluble in excess of fixed alkali carbonate, and still less soluble 
in excess of ammonium carbonate. Boiling promotes precipitation by the 
latter. 


7. If the solution of an aluminium salt is digested with finely 
divided barium carbonate, the greater part of the acid of the 
uluminium salt combines with the barium, the liberated car- 
bonic acid escapes, and the aluminium precipitates completely 
a8 HYDROXIDE MIXED WITH BAsIc SALT; even digestion in the 
cold suftices to produce this reaction. 


N.B. to 4, 5, 6 and 7.—Tartaric, citric, and other non-volatile organic 
acids completely prevent the precipitation of aluminium as hydroxide or 
basic salt, when they are present in any notable quantity. The presence of 
sugar and similar organic substances interferes with the completeness of 
the precipitation. 

8. Sodium phosphate precipitates ALUMINIUM PHOSPHATE (Al PO,) from 
solutions of aluminium salts. The bulky white precipitate is readily solu- 
ble in potassa or soda solution, but not in ammonia; ammonium chloride 
therefore precipitates it from its solution in potassa or soda. The precipi- 
tate is readily soluble in hydrochloric or nitric acid, but not in acetic aci¢ 
(difference from aluminium hydroxide); sodium acetate, therefore, pre- 
cipitates it from its solution in hydrochloric acid, if the latter is not toe 
predominant. Tartaric acid, sugar, etc., do not prevent the precipitation 
vf aluminium phosphate, but citric acid does prevent it (G@ROTHE). 

9. Oxa'ic acid and its salts do not precipitate solutions of aluminium. 


-~ 
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10. Potassium sulphate, added to very concentrated solutions of salts of 
aluminium, occasions the gradual] separation, in the form of crystals, or a 
crystalline powder, of aluminium potassium sulphate.* 

11. If aluminium hydroxide or other compound is ignited 
upon charcoal before the blowpipe, and afterwards moistened 
with a solution of cobalt nitrate, and then again strongly ig- 
nited, an unfused mass of a deep sky-BLurE color is produced, 
which consists of a compound of the two oxides. The blue 
color becomes distinct only upon cooling. By candlelight it 
appears violet. This reaction is to be relied on in a measure 
only in the ease of infusible or difficultly fusible compounds of 
aluminium pretty free from other metals; it is never quite 
decisive, since cobalt solution gives a blue color under similar 
circumstances not only with readily fusible compounds, but 
also with certain infusible compounds free from aluminium, 
such as the normal phosphates of the alkali-earth metals. 


§ 102. 
6. Curomium Cr. 52-2 anp Curomic Compounns.t 


1. Curomic oxipr Cr, O, is a green, CHROMIC HYDROXIDE, & 
bluish gray-green powder. Chromic hydroxide dissolves readily 
in acids. The non-ignited chromic oxide dissolves more difti- 
cultly, and the ignited chromic oxide is almost altogether in- 
soluble. 

2. The curomic sauts have a green or violet color. Many of 
them are soluble in water. Most of them dissolve in hydro- 
chlorie acid. The solutions exhibit a fine green or a dark vio- 
let color, which latter, however, changes to green upon heating. 
The chromic salts with volatile acids are decomposed upon ig- 
nition, the acids being expelled. The chromic salts which are 
soluble in water redden litmus. Anhydrous chromic chloride 
is crystalline, vivlet-colored, insoluble in water and in acids, 
and volatilizes with difficulty. 

. Potassa and soda produce in the green as well as in the 
violet solutions a bluish-green precipitate of CHROMIC HYDROXIDE 
which dissolves readily and completely in an excess of the pre- 


K>s0, 
Ai 
* Al, K, (SOx) + 24 H.0. or, ries + 24 H.0O. : 


+ In the chromic compounds, Cr. is apparently trivalent, but is really quad- 
tivalent, Cr. being sexivalent, thus : 


Cl 
i G5 
Cr—Cl 
1G} cr=90 
l oa 1>O 
ra Cr—o 
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ey 
. Ae 


§ 102.] CHROMIUM. 119 


cipitant, imparting to the fluid an emerald-green tint. Upon 
long-continued ebullition of this solution, the whole of the hy- 
droxide separates again, and the supernatant fluid appears per- 
fectly colorless. The same reprecipitation takes place if am- 
monium chloride is added to the alkaline solution. Applica- 
tion of heat promotes the separation of the precipitate. 

4. Ammonia produces in green solutions a grayish-green, in 
violet solutions a grayish-blue precipitate of CHROMIC HYDROXx- 
we. The former precipitate dissolves in acids to a green fluid, 
the latter to a violet fluid. Other cirenmstances (concen- 
tration, way of adding the ammonia, etc.) exercise also some in- 
finence upon the composition and color of these hydroxides. 
A small portion of the hydroxide redissolves in an excess of 
the precipitant in the cold, imparting to the fluid a peach-blos- 
som red tint; but if, after the addition of ammonia in excess, 
heat is applied to the mixture the precipitation is complete. 

5. Alkali carbonates precipitate BASIC CHROMIC CARBONATE, which re 
dissolves with difficulty in excess of the precipitant. 

6. Barium carbonate precipitates the whole of -the chromi 
um as a GREENISH HYDROXIDE MIXED wir BAsIC SALT. The 
Sh eed takes place in the cold, but is complete only after 
ong-continued digestion. 

N. B. to 3, 4, 5, and 6—Tartaric and citric acids, sugar, and 
oxalic acid interfere more or less with the precipitation of vio- 
let or green solutions of chromic hydroxide by ammonia, the first 
formed precipitates frequently redissolving entirely to red fluids 
after long standing. The above-named acids generally pre- 
vent altogether the precipitation by sodium carbonate. In the 
presence of these acids also the precipitation by barium carbon- 
ate is incomplete. 

7. If a solution of chromic hydroxide in solution of potassa or soda is 
mixed with some lead dioxide in excess, and the mixture is boiled a short 
time, the chromic hydroxide is oxidized to chromicacid. A yellow fluid is 
therefore obtained on filtering, which consists of a solution of LEAD CHRO- 
MATE in solution of potassa or soda. Upon acidifying this fluid with ace- 
tic acid, the lead chromate separates as a yellow precipitate (CHANCEL). 
Very minute traces of chromic acid may be detected in this fluid with still 
greater certainty by acidifying with hydrochloric acid, and bringing it in 
contact with hydrogen dioxide and ether. (Compare § 138.) 

5. The fusion of chromic oxide or of any chromic compound 
with sodium nitrate and carbonate, or still better, with potas- 
sium chlorate und sodium carbonate, gives rise to the forma- 
tion of yellow ALKALI-cHRoma'tE, which dissolves in water to an 
intensely yellow fluid. For the reactions of chromic acid sce 


B. 8138, 


9. Sodium metuphosphate* dissolves chromic oxide and chro- 
mic salts, both in the oxidizing and reducing flame of the blow- 
pipe, to clear beads of a faint yellowish-green tint, which upon 
_ * Obtained by fusing, on platinum wire, hydrogen sodium phosphate. See 

a. 


_ 
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cooling changes to EMERALD-GREEN. Chromic oxide and chro- 
inic salts show a similar reaction with sodium tetraborate 
The Bunsen gas flame is used for the experiment, or the blow- 
pipe flame. 


§ 103. 


Recapitulation and remarks.—The solubility of aluminium hydroxide ir 
solutions of potassa and soda, and its reprecipitation from the alkaline solu- 
tions by ammonium chloride, afford a safe means of detecting aluminium 
in the absence of chromic salts. But if the latter are present, which is seen 
either by the color of the solution, or by the reaction with sodium meta- 
phesphate, they must be removed before aluminium can be tested for. 


The separation of chromium from aluminium is effected the 
most completely by fusing 1 part of the mixed oxides with 2 
parts of sodium carbonate and 2 parts of potassium chlorate, 
which may be done ina platinum crucible. The yellow mass 
obtained is boiled with water; by this process the whole of the 
chromium is dissolved as potassium chromate, and part of the 
aluminium as potassium aluminate, the rest of the aluminium 
remaining undissolved. If the solution is acidified with nitric 
acid, it acquires a reddish-yellow tint; if ammonia is then 
added to feebly alkaline reaction, the dissolved portion of the 
aluminium separates. 


The precipitation of chromic hydroxide, effected by boiling its solu- 
tion in solution of potassa or soda is also sufficiently exact if the ebullition 
is continued long enough; still it is often liable to mislead in cases where 
only little chromic salt is present, or where the solution contains organic 
matter, even though in small proportion only. I have to call attention 
here to the fact that the solubility of chromic hydroxide in an excess of 
cold solution of potassa or soda is considerably impaired by the presence 
of other hydroxides (manganous, nickelous and cobaltous hydroxides, and 
more particularly ferric bydroxide). If these hydroxides happen to be 
present in large excess they may even altogether prevent the solution of 
the chromic hydroxide in potassa or soda solution, Lastly, the influence 
of non-volatile organic acids, sugar, etc., upon the precipitation of alumi- 
nium and chromium hydroxides by ammonia, etc., must be remembered, 
If organic substances are present therefore, ignite, fuse the residue with 
sodium carbonate and potassium chlorate, and proceed as directed before. 
In respect to the detection of traces of aluminium by an alcoholic solu+ 
tion of morin, compare GOPPELSRODER.* 


Special Reactions of the rarer Metals of the Third Group. 


§ 104, 


1. Beryiuium or Guuctnum, Gl. 9.4. 


Beryllium is a rare metal found in the form of a silicate in phenacite, 
and, with other silicates, in beryl, euclase, and some other rare minerals. 
Beryllium oxide, (berylla or glucina) isa white, tasteless powder insolu- 
ble in water. The ignited earth dissolves slowly but completely in acids: 
it is readily soluble after fusion with sodium disulphate. The hydroxide 
dissolves readily in acids. The compounds of beryllium very much re- 
semble the aluminium compounds. The soluble beryllium salts have a 
sweet astringent taste; their reaction is alkaline. The native silicates of 


* Zeitschr. f, anal. Chem., 7, 208. 
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beryllium are completely decomposed by fusing with 4 parts of sodium 
carbonate. Potzssa, soda, ammonia, and ammonium sulphide throw down 
from solution of beryllium salts white flocculent hydroxide, which is in- 
solable in ammonia, but dissolves readily in solution of potassa or soda, 
from which solution it is precipitated again by ammonium chloride ; the 
concentrated alkaline solutions remain clear on boiling, but from more 
dilute alkaline solutions almost the whole of the beryllium separates upon 
continued ebullition (difference between beryllium and aluminium). Upon 
continued ebullition with ammonium chloride, the freshly precipitated 
hydroxide dissolves as beryllium chloride, with expulsion of ammonia 
(difference between beryllium and aluminium). Alkali carbonates precipi- ~ 
tate white beryllium carbonate, which redissolves in a great excess of sodium 
or potassium carbonate, and in a much less considerable excess of ammo- 
nium carbonate (most characteristic difference between beryllium and alu- 
minium, but they cannot be completely separated in this way, as in the 
presence of beryllium a certain quantity of aluminium dissolves in ammo- 
nium carbonate, Joy). Upon boiling these solutions basie beryllium car- 
bonate separates, readily and completely from the solution in ammonium 
carbonate, but only upon dilution and imperfectly trom the solutions in 
sodium and potassium carbonate. ‘Barium carbonate precipitates beryllium 
completely upon cold digestion. Ozalic acid and oxalates do not precipi- 
tate beryllium (difference between beryllium and thorium, zirconium, 
yttrium, erbium, cerium, (in cerous salts) lanthanium, didymium). Beryl- 
lium, when fused with 2 parts of hydrogen potassium fluoride, dissolves in 
water acidified with hydrofluoric acid. (This reaction serves as a means of 
separating beryllium from aluminium, for when aluminium is similarly 
treated it remains insoluble as aluminium potassium fluoride.) Moistened 
with solution of cobalt nitrate, the beryllium compounds give gray masses 
upon ignition. 


2. THorrom or THortnom, Th. 221. 


Thorium is a very rare metal found in thorite and monazite. Thorium 
oxide. (thoria or thorina) is white, while hot, yellow. Ignited thoria is 
soluble only upon heating with a mixture of 1 part of concentrated sul- 
phuric acid and 1 part of water; but it is not soluble in other acids, not 
even after fusion with alkalies. When evaporated with hydrochloric or 
nitric acid, the corresponding salts are left ina varnish-like form, which 
dissolves at once in water completely. Hydrochloric and nitric acids pre- 
cipitate from such solutions the chloride or nitrate; even sulphuric acid 
may produce a precipitate in the solutions (BAHR). The moist hydroxide 
dissolves readily in acids, the dried hydroxide only with difficulty. Tho- 
rium chloride is not volatile. Thorite (thorium silicate) is decomposed by 
moderately concentrated sulphuric acid, and also by concentrated hydro- 
chloric acid. Potassa, ammonia, and ammonium sulphide precipitate from 
solutions of thorium salts white hydroxide, which is insoluble in an ex- 
cess of the precipitant, even of potassa (difference between thorium, and 
aluminium, and beryllium). Potassium carbonate, and ammonium carbon- 
ate precipitate basic thorium carbonate, which readily dissolves in an ex- 
cess of the precipitant in concentrated solutions, with difficulty in dilute 
solutions (difference between thorium and aluminium). From the solution 
in ammonium carbonate basic salt separates again even at 50°. Bariwm 
carbonate precipitates thorium completely. Hydrefluoric acid precipitates 
the fluoride which at first appears gelatinous, but after a little while pul- 
verulent. The precipitate is insoluble in water and hydrofluoric acid. 
(Here thorium differs from aluminium, beryllium, zirconium, and titani- 
um). Ozalic acid produces a white precipitate (here thorium differs from 


, : _ beryllium and aluminium). The precipitate does not dissolve in oxalic 


acid nor in dilute mineral acids, but it does dissolve in a solution of am- 
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monium acetate containing free acetic acid. (Here thorium differs from 
yttrium and cerium in cerous salts). The precipitate 1s insoluble in excess 
of ammonium oxalate (difference between thorium and zirconium). Potus- 
sium sulphate in concertrated solution precipitates thorium slowly but com 
pletely (here thorium differs from aluminium and beryllium). The pre- 
cipitate consists of thorium sulphate; it is insoluble in concentratcd 
sulution of potassium sulphate, it dissolves with difficulty in cold and also 
in hot water, but readily on addition of some hydrochloric acid. On 
heating the neutral solution of thorium sulphate in cold water, it seps- 
rates in the form of a heavy white curdy precipitate (difference between 
thorium, and aluminium, and beryllium), This precipitate redissolves in 
cold water (in which it differs from titanium). Sodiwm thiosulphate pre- 
cipitates from neutral or slightly acid solutions on boiling thorium thio- 
sulphate mixed with sulphur ; the precipitation, however, is not quite com- 
plete (difference between thorium and yttrium, erbium and didymium). 


3. Zrrconrum, Zr. 89.6. 


Found in zircon and some other rare minerals. Zirconium oxide or 
zirconia (Zr Oz) is a white powder insoluble in hydrochloric acid, soluble 
upon addition of water, after continued heating with a mixture of 2 parts 
of hydrated sulphuric acid and 1 part of water. The hydroxide resembles 
aluminium hydroxide, dissolving readily in hydrochloric acid when pre- 
cipitated cold, and still moist, but with difficulty when precipitated hot, 
or after drying. The zirconium salts soluble in water redden litmus. The 
native zirconium silicates may be decomposed by fusion with sodium car- 
bonate. The finely elutriated silicate is fused at a high temperature, to- 
gether with 4 parts of sodium carbonate. The fused mass gives to water 
sodium ‘silicate, a sandy sodium zirconate being left behind, which is 
washed, and dissolves in hydrochloric acid. Zircon may easily be decom- 
posed by fusion with hydrogen potassium fluoride at a red heat, potassium 
silicofluoride and zirconium potassium fluoride being produced. “Potasea 
soda, ammonia, and ammonium sulphide precipitate from solutions of zireo- 
nium salts a flocculent hydroxide, which is insoluble in an excess of the pre- 
cipitant, even of soda and potassa (difference between zirconium and alu- 
minium, and beryllium), and is not dissolv.d even by boiling solution of am- 
monium chloride (difference between zirconium and beryllium). Carbon- 
ates of potassium, sodium and ammonium, throw down zirconium carbonate 
as a flocculent precipitate, which redissolves in a large excess of potassium 
carbonate, more readily in potassium bicarbonate, and most readily in am- 
monium carbonate (difference between zirconium and aluminium), from 
which solution it precipitates again on boiling. Ozalic acid produces a 
bulky precipitate of zirconium oxalate (difference between zirconium and 
aluminium and beryllium), which is soluble in oxalic acid, soluble in 
hydrochloric acid, soluble in excess of ammonium oxalate (difference be- 
tween zirconium and thorium). A concentrated solution of potassium sul- 
phate speedily produces a white precipitate of zirconium potassium sul- 
phate, insoluble in excess of the precipitant (difference between zircon- 
jum and aluminium and beryllium), which—if precipitated cold—dis- 
solves readily in a large proportion of hydrochloric acid, but is almost 
absolutely insoluble in water and in hydrochloric acid if precipitated hot 
(difference between zirconium and thorium and cerium in cerous salts). 
Zirconium sulphate is difficultly soluble in cold water, readily soluble in 
hot water (difference between zirconium and thorium), Barium’ carbonate 
does not precipitate zirconium salts completcly, even upon boiling. Hydro- 
fluoric acid does not precipitate zirconium salts (difference between zircon- 
ium and thorium and yttrium). Sodium thiosulphate precipitates zirconium 
salts (difference between zirconium and yttrium, erbium and didymium). 
The separation of the zirconium thiosulphate takes place on boiling even 


— 
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in the presence of 100 parts of water toi part of the metal (difference 
between zirconium and cerium and lanthanium). Zurmeric paper dipped 
into solutions of zirconium slightly aciaitied with hydrochloric or sulphu- 
ric acid, acquires a brownish red color after drying (difference between 
zirconium and thorium). In the presence of titanic acid, which also has 
the effect of turning turmeric paper brown, treat the acid solution with 
zinc first, to reduce the titanic acid to titanous oxide, the solution of which 
does not affect turmeric paper (PISANI). 


4, Yrrrium, Y 61°7. 


Yttrium is a rare metal found in gadolinite, orthite, yttro-tantalite. 
Yttria (Y O ) when pure is pale yellowish-white, when ignited in the oxi- 
dizing flame it emits a white light (difference between yttrium and erbium) 
without fusing or volatilizing, In nitric, hydrochloric, and dilute sul- 
phuric acid it is difficulty soluble in the cold, but on warming it dissolves 
completely after sometime. The solutions, and likewise the salts of yttrium 
are colorless; they have an acid reaction and a sweetish astringent taste. 
Yttria does not combine directly with water. Yttrium under no circumstan- 
ces yields a spectrum, nor do the solutions of its salts show any absorption 
bands (Baur and Bunsen). Anhydrous yttrium ch-pride is not volatile 
(difference between yttrium and aluminium, beryllium and zirconium). 
Potassa precipitates white hydroxide, which is insoluble in an excess of the 
precipitant (difference between yttrium and aluminium and beryllium). 
Ammonia and ammonium sulphide produce the same reaction. Presence 
of a small quantity of ammonium chloride will not prevent the precipita- 
tion by ammonium sulphide; but in presence of a large excess of ammo- 
nium chloride, ammonium sulphide fails to precipitate solutions of yttrium 
salts. Alkali carbonates produce a white precipitate, which dissolves with 
difficulty in potassium carbonate, but more readily in hydrogen potassium 
carbonate and in ammonium carbonate, though by no means so readily as 
the corresponding beryllium precipitate. The solution of the pure 
hydroxide in ammonium carbonate deposits on boiling the whole of the 
yttrium ; if ammonium chloride is present at the same time, this is decom- 
posed upon continued heating, with separation of ammonia, and the pre- 
cipitate redissolves as yttrium chloride. Saturated solutions of yttrium 
carbonate in ammonium carbonate have a tendency to deposit yttrium car- 
bonate, which should be borneinmind. Ozalie acid produces a white pre- 


‘cipitate (difference between ytttium and aluminium and beryllium). The 


plecipitate does not dissolve in oxalic acid, but it dissolves with diffi- 
culty in dilute hydrochloric acid, and it is partially dissolved by boiling 
with ammonium oxalate. Yttrium potassium sulphate dissolves readily in 
water and in a solution of potassium sulphate (difference between yttrium 
and thorium, zirconium and the metals of cerite). Bariwm carbonate pro- 
duces no precipitate in the cold (difference between yttrium and alumin- 
jum, beryllium, thorium, cerium, and didymium), on boiling even the 
precipitation isincomplete. Turmeric paper is not altered by acidified 
solutions of yttrium salts (difference between yttrium and zirconium). 
Tartaric acid does not interfere with the precipitation of yttrium by alka- 
lies (characteristic difference between yttrium and aluminium, beryllium, 
thorium and zirconium). The precipitate is yttrium tartrate. The precip- 


 itation ensues only after some time, but it is complete. Sodiwm thiosul- 


te does not precipitate yttrium (difference between yttrium and alumin- 
jum, thorium, zirconium and titanium). Hydrofluorie acid produces a 
precipitate (here yttrium differs from aluminium, beryllium, zirconium and 
titanium); the precipitate is gelatinous, insoluble in water and hydrofluoric 
acid; before ignition it will dissolve in mineral acids, after ignition it is 
decomposed only by strong sulphuric acid. A cold saturated solution of 
the sulphate becomes turbid when heated to between 30° and 40°; on boiling 
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almost the whole of the salt separates. Yttrium gives clear colorless beadeg 
with loraw and sodium metaphosphate in both the outer and inner flame 
(difference between yttrium and cerium and didymium), 


5. Ersrom, Er. 112°6, 


Erbium accompanies yttrium in gadolinite.* Erbium oxide is distin- 
guished by its fine rose color, it does not alter on ignition in hydrogen, and 
does not fuse in the highest white heat. When strongly heated in the ferm 
of uspongy mass, it glows with an intense green light. In nitric, hydro- 
chloric, and sulphuric acid it dissolves with difficulty, but on warming com- 
pletely. The erbium salts have a more or less bright rose tint, which is 
stronger generally with the hydrated than with the anhydrous salts; they 
have an acid reaction and a sweetish astringent taste. Erbium oxide does 
not combine directly with water. The sulphate when hydrated dissolves in 
water with difficulty, when anhydrous it dissolves readily. The basic 
nitrate (N Os. Er. O H + He O) forms bright rose-colored, needle-shaped 
crystals which are difficultly soluble in nitric acid, decomposed by water 
irto nitric acid and gelatinous hyperbasic salt, and yield the oxide on 
ignition. The oxalate is a rose-colored, heavy sandy powder. Finally 
the erbium oxide is most decisively characterized by the absorption-spec- 
trum which is given by the solutions of its salts. Of the absorption bands 
a lies between 71 and 74, 8 between 64°5 and 65°5, y between 32°6 and 
33:0, 6 between 85 and 91 on the spectrum table. If the ignited oxide is 
si turated with not too concentrated phosphoric acid and reignited, a direct 
spectrum is obtained, the bright lines of which coincide with the dark ones 
of the absorption-spectrum. With boraz and sodium metaphosphate erbi- 
um gives beads which are clear and colorless when hot and also after cool- 
ing (difference between erbium and cerium and didymium). 

In the separation of erbium trom yttriuny, which show a great likeness 
to each other in their deportment to reagents, BauR and BunsEN make use 
of the different bchavior of the nitrates when heated. The separation is, 
however, not complete unless the process is repeated cver and over again, 
Compare op. cit., p. 3. 


6. Crrrum, Ce. 92. 


Cerium is found in cerite, orthite, etc. It forms two oxides, cerous ox- 
ide (CeO) and ceric oxide (Ces 0,4). The cerous hydroxide is white, but 
turns yellow upon exposure to the air, by absorption of oxygen. By igni- 
tion in the air it is converted into orange-red or red ceric oxide (difference 
between it and the preceding elements of the 8d group). Cerous hydrox- 
ide dissolves readily in acids. Ignited ceric oxide, containing lanthanium 
and didymium monoxides, dissolves readily in hydrochloric acid, with eyo- 
lution of chlorine; in the pure state it dissolves very slightly in boiling 
hydrochloric acid ; upon addition of alcohol it passes into solution (differ- 
ence between cerium and thorium and zirconium); the solution contains 
cerous chloride. Ceric oxide dissolves in concentrated sulphuric acid, al- 
though with difficulty; it is hardly attacked by nitric acid. The ceric ox- 
ide obtained from the oxalate when evaporated with nitric acid yields a 
basic salt, which gives an emulsion with water, and is not completely sol- 
uble in very considerable quantities of water (difference from thorium), 
The cerous salts are colorless, occasionally with a slight shade of amethyst- 
red; the soluble cerous salts redden litmus. Cerous chloride is not vola- 


* MoOSANDER imagined that he had separated also another element, 
namely, terbium Popp considered both erbium and terbium to be mixtures 
of yttrium with cerium and didymium. DELAFONTAINE defended MOSsAN- — 
DER’s view. However, Bar and BUNSEN found in gadolinite, besides yttri- 
um, only erbium (Annal. d. Chem. u. Pharm. 137, 1). 
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tile (difference from aluminium, beryllium, and zirconium). The sulphate 
does not dissolve entirely in boiling water. Cerite does not dissolve. in 
aqua regia, but is decomposed by fusion with sodium carbonate, and also 
by concentrated sulphuric acid. Pvtassa precipitates white hydroxide, 
which turns yellow in the air, and does not dissolve in an excess of the 
precipitant (difference from aluminium and beryllium). Ammonia precip- 
itates basic salt, which is insoluble in an excess of the precipitant. Alkali 
carbonates produce a white precipitate, which dissolves sparingly in an ex- 
cess of potassium carbonate, somewhat more readily in ammonium car- 
bonate. Ozalic acid produces a white precipitate; the precipitation is 
complete even in moderately acid solutions (difference from aluminium and 
beryllium). The precipitate is not dissolved by oxalic acid, but it dis- 
solves in a large proportion of hydrochloric acid. A saturated solutien of 
potassium sulphate precipitates, even from somewhat acid solutions, white 
cerous potassium sulphate (difference from aluminium and beryllium), 
which is difficultly soluble in cold water, readily soluble in hot water and 
altogether insoluble in a saturated solution of potassium sulphate (differ- 
ence from yttrium). The precipitate may be dissolved by boiling with a 
large quantity of water, to which some hydrochloric acid has been adde lL. 
Barium carbonate precipitates solutions of cerium salts slowly, but cor.- 
pletely upon long-continued action. Tartarie acid prevents precipitaticn 
by ammonia (difference from yttrium) but not by potassa. Sodium thi- 
sulphate does not precipitate cerium, even on boiling with very conceit- 
trated solutions. The precipitated sulphur only carries down traces of the 
salt with it. If we conduct chlorine through a not too acid solution of a 
cerous salt mixed with sodium acetate, or if we add sodium hypochlorie 
to such a solution, all the cerium is precipitated as a light yellow ceric hy- 
droxide (free from didymium and lanthanium. Porr.). If a cerous salt be 
dissolved in nitric acid, with addition of an equal volume of water, and if 
a small quantity of lead diowide be added, and the liquid be boiled fer 
some minutes, the solution turns yellow, even if only small quantities of 
cerium be present. On evaporating this solution to dryness, heating the 
residue till a portion of the acid escapes, and treating it with water acidi- 
fied with nitric acid, no cerium will be dissolved, but any didymium anil 
lanthanium present will be dissolved (GrBss). Solutions of ceric salts are 
precipitated in the cold by bariwm carbonate. Sodium thiosulphate precip- 
itates a solution of ceric nitrate. Borax and sodiwm metaphosphate dissolve 
cerium oxides in the outer flame to yellowish red beads (difference from 
the preceding metals); the coloration gets fainter on cooling, and_often 
disappears altogether. In the inner flame colorless beads are obtained. 


7, LANTHANIUM. La., 93°6. 


This element is generally found associated with cerium. Lanthanium 
oxide is white and remains unaltered by ignition in the air (difference 
from cerous oxide). In contact with cold water it is slowly converted into 
a milk-white hydroxide; with hot water the conversion is rapid. The ox- 
ide and hydroxide change the color of reddened litmus-paper to blue; 
they dissolve in boiling solution of ammonium chloride, also in dilute 
acids, Lanthanium oxide in this resembles magnesia. The salts of lantha- 
nium are colorless; the saturated solution of lanthanium sulphate in cold 
water deposits a portion of the salt already at 30° (difference from cerium). 
Potassium sulphate, oxalic acid, and bariwm carbonate give the same reac- 
tions as with ccrous salts. Potassa precipitates hydroxide, which is insol- 
uble in an excess of the precipitant, and does not turn brown in the air. 
Ammonia precipitates basic salts, which pass milky through the filter on 
washing. The precipitate produced by ammonium carbonate is insoluble 
in an excess of the precipitant (difference from cerous salts). Ifa cold 
dilute solution of lanthanium acetate is supersaturated with ammonia, the 
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slimy precipitate repeatedly washed with cold water, and a little iodine ir 
powder added, a blue coloration makes its appearance, which gradually 
pervades the entire mixture (characteristic difference between lanthanium 
and the other earth-metals). 


8 Dripymtium, D, 95. 
This element, like lanthanium and in conjunction with it, is found as- 


sociated with cerium. Didymium oxide after intense ignition appears 
white, moistened with nitric acid and feebly ignited dark brown, after in- 


tense ignition again white. In contact with water it is slowly converted . 


into hydroxide; it rapidly attracts carbon dioxide; its reaction is not alka- 
line; it dissolves readily in acids. The concentrated solutions have a red- 
dish or a faint violet color. The nitrate on heating is first converted into 
a basic salt (difference from lanthanium) which is gray when hot and 
also when cold (difference from erbium). The chloride is not volatile. 
The saturated solution of the sulphate deposits salt, not at 30°, but upon 
boiling. Potassa precipitates hydroxide, which is insoluble in an excess of 
the precipitant, and does not alter in the air. Ammonia precipitates basic 
salt, which is insoluble in ammonia, but slightly soluble in ammonium 
chloride. Alkali carbonates produce a copious precipitate, which is insolu- 
ble in an excess of the precipitant, even in an excess of ammonium car- 
lonate (difference from cerous salts), but dissolves slightly in concen- 
trated solution of ammonium chloride. Ozalie acid precipitates salts of 
didymium almost completely; the precipitate is difficultly soluble in 
cold hydrochloric acid, but dissolves in that menstruum upon application 
of heat. Barium carbonate precipitates didymium solutions slowly (more 
slowly than cerous and lanthanium solutions), and never completely. A 
concentrated solution of potassium sulphate precipitates didymium solu- 
tions more slowly and less completely than cerous solutions. The precipi- 
tate is insoluble in solution of potassium sulphate and in water (DELAFON- 
TAINE), but it dissolves in hot hydrochloric acid with difficulty. Sediwm 
thiosulphate does not precipitate solutions of didymium. Didymium 
gives with borae in both flames a nearly colorless bead, which in the 
presence of large quantities has a faint amethyst-red tinge. Sodvwm meta- 
phosphate dissolves the oxide in the reducing flame to an amethyst-red 
bead inclining to violet. With sodium carbonate in the outer flame a gray- 
ish-white mass is obtained (difference from manganese). The alsorption- 
spectrum given by the solutions of the salts is peculiarly characteristic for 
didymium. This was first described by Guapsrone, and afterwards by 
O. L. ErpMaNN and DetaronTaINne. Baur and Bunsen have laid down 
the exact position of the bands (Zeitschr. f. anal. Chem. 5,110). A direct 
spectrum may also be obtained from didymium as from erbium, but it is 
by no means well marked. 


For the separation of cerium from lanthanium and didymium, one of 
the following methods may be used :—a. Nearly neutralize the solution of 
the three metals, if acid, without allowing any permanent precipitate to 
form, add a sufficient quantity of sodium acetate and an excess of sodium 
hypochlorite, and boil for some time; the cerium will fall as ceric oxide, 
while lanthanium and didymium remain in solution. (Popp, Ann. d. 
Chem. u. Pharm., 131, 360.) 0. Precipitate the metals with potassa, 
wash, suspend the precipitate in potassa, and pass chlorine. Lanthanium 
and didymium dissolve; ceric oxide remains behind. (Damour and Sr. 
CLarrRE DrEvILLE, Compt. Rend., 59, 272). © Dissolve in a large excess 
of nitric acid ; boil with lead dioxide; evaporate the orange colored solu- 
tion to dryness, and heat the residue till a portion of the acid escapes; 


treat with water acidulated with nitric acid, and separate the insoluble — 


basic ceric nitrate from the solution which contains all the lanthanium and 


a 
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didymium. (Grsss, Zeitschr. f. anal. Chem., 3, 396.) In using the last 
method, before proceeding with the residue or solution, the lead must be 
first separated by hydrogen sulphide. d. Heat the chromates to 110° , and 
treat with hot water to extract the undecomposed compounds of lan- 
thanium and didymium. The cerium remains behind as insoluble ceric 
oxide (Partinson and Ciark, Chem. News, 16. 259). From the solutior 
of lanthanium and didymium obtained by one or other of the above 
methods, the bases are precipitated with ammonium oxalate, the oxalates 
are ignited, and the oxides thus obtained are treated with dilute nitric acid. 
If the separation of cerium was incomplete, the remainder of the cerium 
will here remain behind. The solution is evaporated in a dish with a flat 
bottom to dryness and heated to 400°-500°. The salts fuse ; nitrous fumes 
escape. The residue is treated with hot water, which dissolves the lan- 
thanium, leaving behind gray basic didymium nitrate. By a repetition of 
the evaporation, etc., the two bases may be satisfactorily separated. (Da- 
mMourR and Sr. CuAtirE Devitie.) Another method of separation, whick 
is however less complete, consists in converting the didymium and lan- 
thanium into sulphates, making a saturated solution of the dry salts in 
water at 5° or 6°, and heating the solution to 30°, when the lanthanium 
sulphate is for the most part thrown down and the didymium sulphate is 
for the most part held in solution. For another method of separating 
lanthanium and didymium, which requires the presence of a considerable 
quantity of cerium, compare CL, WINKLER (Zcitschr. f. anal. Chem., 4, 
417). 
9. Trrantum, Ti. 50. 


Titanium forms two oxides, titanious oxide (Ti.O;) and titanic oxide 
(Ti O2), and the hydroxides, titanic and metatitanic acids. The latter are 
more frequently met with in analysis. Titanic oxide is found in the free 
state in rutile and anatase, in combination with bases in titanite, titanifer- 
ousiron, ete. It is found in small proportions in many iron ores, in clays, 
and generally in silicates, consequently also in blast furnace slags. The 
small copper-colored: cubes which are occasionally found in such slags con- 
sists of a combination of titanium cyanide with titanium nitride. Feebly 
ignited titanic oxide is white; it transiently acquires a lemon tint when 
heated; very intense ignition gives a yellowish or brownish tint to it. It 
is infusible, insoluble in water, and its specific gravity is 3°9 to 4°25. The 
titanic chloride (TiCl,) is a colorless volatile fluid, fuming strongly in the 
air. 

a. Deportment with acids, and reactions of acid solutions of titanic oxide, 
—Ignited titanic oxide isinsoluble in acids, except in hydrofluoric acid and 
in concentrated sulphuric acid. If the solution in hydrofluoric acid is 
evaporated with sulphuric acid, no titanic fluoride will volatilize (differ- 
ence from silicic oxide). With sodium sulphate it gives upon sufficiently 


long continued fusion a clear mass, which is completely soluble ina large 


proportion of cold water. Titanic oxide is very easily brought into a 


_ clear solution, by fusing with hydrogen potassium fluoride and dissolving 


the fusion in dilute hydrochloric acid. The titanium potassium fluoride 


is difficultly soluble in water, 1 part requiring 96 parts at 14°. Normal 


titanie hydroxide, Ti(OH),, or titanic acid, dissolves, both moist and 
when dried without the aid of heat, in dilute acids, especially in hydro- 
chloric and sulphuric acids. All the solutions of titanic acid in hydro- 
chloric or sulphuric acid, but more particularly the latter, when subjected 
in a highly dilute state to long-continued boiling, deposit metatitanic acid 


as a white powder insoluble in dilute acids. Presence of much free acids 
__ retards the separation and diminishes the quantity of the precipitate. The 
, lege which separates from the hydrochloric acid solution may, in- 
deed, be filtered, but it will pass milky through the filter on washing, ex- 
cept anacid or ammoniu nu chloride be added to the washing water. Sclu- 
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tion of potassa throws down from solutions of titanic acid in hydrochloric 
or sulphuric acid, titanic acid as a bulky white precipitate, which is insolu- 
ble in an excess of the precipitant; ammonia, ammonium sulphide, and 
barium carbonate act in the same way. The precipitate, thrown down cold 
and washed with cold water, is soluble in hydrochloric acid and in dilate 
sulphuric acid: presence of tartaric acid prevents its formation. Potassium 
Jerrocyenide produces in acid solutions of titanic acid a dark brown pre- 
cipitate ; znfusion of galls a brownish precipitate, which speedily turns 
orange-red, On boiling a solution of titanic acid with sodium thiosul- 
phate, the whole of the titanic acid is thrown down. Sodiwm phosphate 
throws down the titanic acid almost completely as phospho-titanic acid 
even from solutions containing much hydrochloric acid. The washed pre- 
cipitate consists of P2Ti2O; (MERz). Zine or tin boiled in acid titanic solu- 
tions produces after some time a pale violet or blue coloration; subse- 
quently a blue precipitate, which gradually becomes white. The coloration 
is caused by the reduction of the titanic acid to titanous hydroxide. If to 
the blue but-still clear solution potassa or ammonia is added, blue titanous 
hydroxide separates, which is gradually converted into white titanic acid 
with decomposition of water. The reduction of titanic acid in hydro- 
chloric solution takes place also in the presence of potassium fluoride (dif- 
ference from niobic acid), the fluid becoming bright green. The solutions 
of titanium chloride in water have properties which vary according to their 
preparation with hot or cold water. The solution prepared with cold water 
is not precipitated by sulphuric acid, nor by hydrochloric, nor by nitric, it 
is precipitated by phosphoric acid, arsenic acid, or iodic acid; but if the 
solution be boiled only for a few seconds it becomes slightly opalescent, 
and so far modified that hydrochloric and nitric acids produce White pre- 
cipitates in it which are insoluble in excess of the acids, sulphuric acid also 
precipitates it, but an excess redissolves the precipitate. The solution pre- _ 
pared in the cold contains titanic acid, the boiled solution contains meta- 
titanic acid. (R. WEBER, Pogg. Ann., 120, 287.) 

b. Reaction with alkalies. —Recently precipitated titanic acid is almost 
absolutely insoluble in solution of potassa. If titanic oxide or acid is 
fused with hydrate of potassa, and the fused mass treated with water, the 
solution contains a little more titanic acid. By fusion with aliali carbon- 
ates normal alkali titanates are formed, with expulsion of carbon dioxide. 
Water extracts from the fused mass alkali and alkali carbonate, leaving 
behind acid titanate of the alkali-metal, soluble in hydrochloric acid. 

Titanic oxide mixed with charcoal gives upon ignition in a stream of 
chlorine titanium chloride as a volatile liquid, which emits copious 
fumes in the air. Sodium metaphosphate dissolves titanic oxide at the 
point of the outer blow-pipe flame to a colorless bead but with diffi- 
culty, in the outer flame but near the point of the inner flame it dissolves 
readily and in considerable quantity. If the clear and colorless bead is 
again held in the point of the outer flame, it becomes opaque if sufficiently 
saturated, and by continued action of the flame titanic oxide will separate 
in microscopic crystals of the form of anatase (G. Rosr). If the bead is 
held in a good reducing flame for some time, it will appear yellow while 
hot, red while cooling, and violet when cold. The reduction is pro- 
moted by the addition of a little tin. If some ferrous sulphate is added, 
the bead obtained in the reducing flame will appear blood-red. 


10. Tantatum, Ta., 182.* 


Tantalum forms with oxygen tantalic oxide, Taz Os. There is also a 
tantalous oxide, Ta Os Tantalum occurs in columbite and tantalite (al- 


* The results of the recent investigations on tantalium and niobium by 7 
MARIGNAC, BLOMSTRAND, DEVILLE, and TRoosT, and HERMANN will be 
found in Zeitschr. f. anal. Chem., 5, 384 e¢ seg. and 7, 104 e¢ seg. 
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most always in conjunction with niobium), Tantalic oxide is white, pale 
yellowish when hot (difference from Ti O2). It has a specific gravity of 
76—8-01. Tantalic oxide is not reduced by ignition in a current of hydro- 
gen. It combines with acids as well as with bases. 
a. Acid solutions.—When tantalic oxide is intimately mixed with char- 
coal and ignited in a current of dry chlorine, tantalum chloride (Ta Cl.) 
is formed. The latter is yellow, solid, fusible, and can be sublimed; it is 
decomposed by water, with separation of tantalic acid (hydroxide) ; it is 
entirely soluble in sulphuric acid, nearly so in hydrochloric acid, and 
partially soluble in potassa solution. If titanium is present, on treating 
the mixtures of oxides and charcoal with a current of chlorine, titanium 
chloride will be formed and will fume strongly in the air. Tantalic acid dis- 
solves in hydrofluoric acid, the solution, when mixed with potassium fluoride, 
yields a very characteristic salt in fine needles (2 K F. Ta Fs), which is dis- 
tinguished by its difficult solubility in water acidified with hydrofluoric 
acid (1 of the acid to 150 or 200 of water). Hydrochloric and concen- 
trated sulphuric acid do not dissolve ignited tantalic oxide. With sodium 
disulphate it fuses to a colorless mass ;. if this is treated with water, tan- 
_ talic acid combined with sulphuric acid remains undissolved (difference 
between tantalic acid and titanic acid, but cannot be made the ground ofa 

method of separation). When ignited in an atmosphere of ammonium car- 
_ bonate the tantalic sulphate is converted into tantalic oxide. If asolution of 
_ alkali tantalate is mixed with hydrochloric acid in excess, the first-formed 
_ precipitate redissolves to an opalescent fluid. Ammonia and ammonium 
_ sulphide precipitate from this fluid tantalic acid or an acid ammonium tan- 
talate, but tartaric acid prevents the precipitation. Swlphurie acid precipi- 
tates tantalic sulphate from the opalescent fluid. When acid solutions of 
tantalic acid are brought into contact with zinc, no blue coloration is ob- 
served (difference between tantalic acid and niobic acid). 

b. Behavior to alkalies—By continued fusion with potassiwm hydroxide — 
potassium tantalate is formed; the fused mass dissolves in water. By fu- 
sion with sodium hydroxide a turbid mass is obtained; a little water poured 
on this mass will dissolve out the excess of sodium hydroxide, leaving the- 
whole of the sodium tantalate undissolved, as this latter salt is insoluble in 
- solution of soda: but the sodium tantalate will dissolve in water after the 
removal of the excess of soda. Solution of soda throws down from this so- 
 Jution the sodium tantalate; if the precipitant be added slowly, the form: 
- of the precipitate is crystalline. Carbon dioxide throws down from solu- 
tions of alkali tantalates acid salts, not soluble in boiling solution of sodi- 
um carbonate. Sulphuric acid throws down tantalic sulphate even from 
- the dilute solutions of alkali tantalates; potassium ferrocyanide and 
_ infusion of galls produce precipitates only in acidified solutions; the 
_ precipitate produced by the former is yellow, by the latter light brown. 
Sodium metaphosphate dissolves tantalic acid and oxide to a colorless 
- bead, which is colorless also when hot, remains colorless even in the inner 

flame, and does not acquire a blood-red tint by addition of ferrous sul- 
_ phate (difference between tantalum and titanium). 


11. Nroprum, Nb., 94. 


Niobium combines with oxygen in several proportions, viz., Nb O, Nb Oz, 
and Nb2O;. It is occasionally found in columbite, samarskite, etc., and 
t is usually accompanied by tantalum. WNiobic oxide (Nb: Os) is white, 
but turns transiently yellow when ignited (difference between niobic oxide 
and tantalic oxide). Its specific gravity lies between 4:37 to 4°53 (differ- 
ence between niobic oxide and tantalic oxide). By strong ignition in 
_ hydrogen the niobic oxide is converted into black Nb O2. Niobic oxide 
ombines both with bases and acids. Niobic acid (hydroxide) is a-white, 
bulky, insoluble precipitate. Lai 
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a. Acid solutions of niobiuwm.—Concentrated sulphuric acid dissolves the 
acid on heating, unless it has been strongly ignited and thus converted 
into oxide. On the addition of much cold water, a clear solution is 
obtained. On fusing with sodiwm or potassium disulphate, both acid 
and oxide dissolve readily to a colorless mass, and on treating the 
fusion with boiling water niobic acid containing sulphuric acid remains 
undissolved, which however is readily soluble in hydrofluoric acid (see be- 
low). By mixing niobic oxide intimately with charcoal and treating with 
a current of chlorine, a mixture is obtained of white infusible difficultly 
volatile niobic oxychloride (NbOCI;) and yellow more volatile niobic 
chloride (Nb Cls). Treated with water both compounds give turbid fluids, 
in which a portion of the niobium is separated as niobic acid, but the lar- 
ger portion remains dissolved. By boiling with hydrochloric acid and 
afterwards adding water the compounds give clear solutions, which are 
not precipitated by boiling or by sulphuric acid in the cold (difference 
from tantalum chloride). By igniting niobic oxide in the vapor of nio- 
bium cbloride the oxychloride is formed (difference from tantalic oxide). 
From the acid solutions of niobium, ammonia and ammonium sulphide throw 
down niobic acid containing ammonia; this dissolves in hydrofluoric 
acid. The hydrofluoric solution when mixed with potassium fluoride gives 
potassium niobium fluoride (2 K F. Nb F;) when hydrofluoric acid is in 
excess, otherwise it gives potassium niobium oxyfluoride (2 K F. Nb O Fs). 
The latter salt is also obtained when potassium niobate is dissolved in hy- 
drofluoric acid; it is readily soluble in cold water, one part dissolving in 
125 parts (difference from potassium titanium fluoride, which requires 96 
parts of water, and from potassium tantalum fluoride which requires 200 
parts of water). On digesting a hydrochloric or sulphuric acid solution 
of niobic acid with zine or tin, it acquires a blue and generally also a 
brown color, in consequence of the reduction of the niobic acid to lower 
hydroxides. In the presence of alkali fluorides the reduction does not 
take place (difference between niobic acid and titanic acid). 

b. Alkaline solutions.—With potassium hydroxide niobie oxide or acid 
fuses to a clear mass, soluble in water. To sodium hydroxide niobic oxide 
or acid shows the same deportment as tantalic acid or oxide. From the 
solution of potassium niobate, solution of soda precipitates an almost in- 
soluble sodium niobate. On boiling asolution of potassium niobate with 
potassium hydrogen carbonate an almost insoluble acid potassium niobate 
is thrown down. On fusing niobic acid or oxide with sodium carbonate 
and boiling the fusion with water, a crystalline acid sodium niobate re- 
mains undissolved. Carbon dioxide when passed into solution of sodium — 
niobate precipitates all the niobic acid as an acid salt. 

Sodium metaphosphate dissolves niobic acid or oxide readily; the bead 
held in the outer flame appears colorless as long as it is hot; in the inner 
flame it has a violet, blue, or brown color, according to the quantity of the — 
acid present, and a red color on the addition of ferrous sulphate. 


For the best methods of detecting the whole of the members of the — 
third group in presence of each other, see Part I, Section IIL ' 


§ 105. 
FOURTH GROUP. 
More common metals :—Zrvo, Maneanesz, Nicken, CoBatt — 


RON. | 
Rarer elements :—Uranium, Tuatxium, Inprum, VANADIUM. | 
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Properties of the Group.—The solutions of the metals of the 
fourth group, if containing a stronger free acid, are not pre- 
iitated by hydrogen sulphide; nor are neutral solutions, at 
least not completely. But alkaline solutions are completely 
precipitated by hydrogen sulphide; and so are other solutions 
if a sulphide of an alkali metal is used as the precipitant, in- 
stead of hydrogen sulphide.* The precipitated sulphides are 
insoluble in water; some of them are readily soluble in dilute 
acids; others (nickel sulphide and cobalt sulphide) dissolve only 
with very great difficulty in these menstrua.. Some of them 
are insoluble in sulphides of the alkali metals, others (nickel) 
are sparingly soluble in them, under certain circumstances, 
whilst others again (vanadium) are completely soluble. The 
metals of the fourth group differ accordingly from those of the 
first and second group in this, that their solutions are precipi- 
tated by ammonium sulphide, and from those of the third 
group inasmuch as the precipitates produced by ammonium 
sulphide are sulphides, and not hydroxides, as is the case with 
aluminium, chromium, etc. 


Special Reactions of the more common metals of the fourth 
group. 


§ 106. 
a. Zinc, Zn., 65°2. 


1. Merattic zinc is bluish-white and very bright ; when ex- 
posed to the air, a thin coating of basic zine carbonate forms on its 
surface. It is of medium hardness, malleable at a temperature 
of between 100° and 150°, but otherwise more or less brittle ; 
it fuses readily on charcoal before the blowpipe, boils after- 
wards, and burns with a bluish-green flame, giving off white 
fumes, and coating the charcoal support with oxide. Zine dis- 
solves in dilute hydrochloric and sulphuric acids, with evolu- 
tion of hydrogen gas; in dilute nitric acid, with evolution of 
nitrogen monoxide; in more concentrated nitric acid, with evo- 
lution of nitrogen dioxide. 

2. Zinc oxmpk and zinc uyDROXxIE are white powders, which 
are insoluble in water, but dissolve readily in hydrochloric, 
nitric, and sulphuric acids. Zinc oxide acquires a lemon-yellow 
tint when heated, but it resumes its original white color upon 
cooling. When ignited before the blowpipe, it shines with con- 
_ siderable brilliancy. 

3. The zinc saxrs are colorless; part of them are soluble in 
water, the rest in acids. The normal salts of zinc which are 
soluble in water redden litmus-paper, and are readily decom- 


anadic acid behaves in a peculiar way to ammonium sulphide, see § 118, @ 
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posed by heat, with the exception of zinc sulphate, which can 
bear a dull red heat without undergoing decomposition. Zinc 
chloride is volatile at a red heat. 

4. Hydrogen sulphide precipitates from neutral solutions a 
gee of the metal as white hydrated zino sutpuipe (Zn 8.110) 

n acid solutions this reagent fails altogether to produce a pre- 
cipitate if the free acid present is one of the stronger acids ; 
but from a solution of zine in acetic acid it throws down the 
whole of the zinc, even if the acid is present in excess. 

5. Ammonium sulphide throws down from neutral and hy- 
drogen sulphide from alkaline solutions the whole of the metal 
as hydrated zinc sutpuipE, in the form of a white precipitate. 
Ammonium chloride greatly promotes the separation of the 
precipitate. From very dilute solutions the precipitate sepa- 
rates only after long standing. This precipitate is not redis- 
solved by an excess of ammonium sulphide, nor by potassa or 
ammonia; but it dissolves readily in hydrochloric acid, nitric 
acid, and dilute sulphuric acid. It is insoluble in acetie acid. 

6. Potassa and soda throw down zixc nyproxiwE (Zn(OH),), 
in the form of a white gelatinous precipitate, which is readily 
and completely redissolved by an excess of the precipitant. 
Upon boiling these alkaline solutions they remain, if concen- 
trated, unaltered; but from dilute solutions nearly the whole 
of the zine hydroxide separates as a white precipitate. Ammo- 
nium chloride added to alkaline solutions, not containing a large 
excess of potassa or soda, produces a white precipitate of zine 
hydroxide, which, however, redissolves on addition of more am- 
monium chloride (difference between zinc and aluminium). 

7. Ammonia also produces in solutions, if they do not con- 
tain a large excess of free acid, a precipitate of zinc HYDROX- 
ior, which readily dissolves in an excess of the precipitant. 
The concentrated solution turns turbid when mixed with water. 
Ou boiling the concentrated solution part of the zine hydroxide 
separates immediately; on boiling the dilute solution all the 
zinc hydroxide precipitates. Ammonium salts interfere with 
these precipitations more or less. | 

8. Sodium, carbonate produces a precipitate of Basic ZING 
CARBONATE 2 (Zn CO,) + 3 Zn (O H), + 4 HO, which is insoln- — 
ble in an excess of the precipitant. Presence of ammonium 
salts in great excess prevents the formation of this precipitate. — 

9. Ammonium carbonate also produces a precipitate of BASIC ZINC CAR- 
BONATE ; but this precipitate redissolves upon further addition of the pre- — 
cipitant. On boiling the dilute solution zinc hydroxide precipitates. Am- 
monium salts interfere with this precipitation more or less. - i hn 

_N.B. Non-volatile organic acids more or less interfere with 
the precipitation of solutions of zine, bythe caustic and car- 
bonated alkalies. Sugar does not prevent the precipitations. — 

10. Barium carbonate fails to precipitate solutions of zinc 
salts in the cold, with the exception of the sulphate. a 
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11. Potassium ferrocyanide throws down ZINC FERROCYANIDE (Zng Fe 
Cys) as a white slimy precipitate, somewhat soluble in excess of the pre- 
cipitant, insoluble in hydrochloric acid. 

12. Potassium ferricyanide throws down ZINC FERRICYANIDE (ZnsFesCyi2) 
as a brownish orange-yellow precipitate, soluble in hydrochloric acid and 
In ammonia, 

13. If a mixture of a zinc compound with sodiwm carbonate 
is exposed to the reducing flame of the blowpipe, the charcoal 
support becomes covered with a slight coating of zinc oxmpE, 
which presents a yellow color whilst hot, and turns white upon 
cooling. This coating is produced by the reduced metallic zine 
volatilizing at the moment of its reduction, and being reoxi- 
dized in passing through the outer flame. The mpratric 1ncrus- 
TATION Obtained according to p. 26 is black with a brown edge, 
the INCRUSTATION OF OXIDE is white, and therefore invisible upon 
porcelain. It may be dissolved in nitric acid and examined ac- 
cording to 14. 

14. lf zine oxide or one of the zinc salts is moistened with 
solution of cobalt nitrate, and then heated before the blowpipe, 
an unfused mass is obtained of a beautiful ereen color: this 
mass is a compound of zine oxide with cobalt oxide. If there- 
fore in the first experiment described in 13 the charcoal is 

_ moistened around the little cavity with cobalt solution, the 
- coating appears green when cold. This test may be appliéd 
_ with great delicacy by mixing the solution to be tested with a 
_ very little of the cobalt solution (not enough to give a bright 
_ red color), adding sodium carbonate in slight excess, boiling, 
filtering off, washing, and igniting on platinum foil. On tri- 
_ turating the residue the green color may be distinctly and 
readily observed (Bioxam). ° 


j 
; 
| : § 107. 
se 6. Maneanzsz,* Mn. 55. 
. 


1, Meratiic MANGANESE is whitish-gray, dull, very hard, brit- 
‘le, and fuses with very great difficulty. It oxidizes rapidly in 
the air, and in water with evoltition of hydrogen, aud crumbles 
toa dark gray powder. It dissolves readily in acids, forming 
manganous salts. 

_ _ 2. Maneanovs oxipr (Mn O) is light green; manganous hy- 
_ droxide (Mn (O H),) is white. The former smoulders to brown 
_ manganic oxide (Mn,O,) when heated in the air, the latter even 
_ at the ordinary temperature rapidly absorbs oxygen from the 
_ air and passes into brown manganic hydroxide (Mn(OH),). 
_ They are readily soluble in hydrochloric, nitric, and sulphuric 


cS * Mn is bivalent in the manganous compounds: Mn is quadrivalent or Mn, 
is sexiyalent in the manganic oxides and salts: in the manganates and per 
_ manganates (?) Mn is also a hexad. 
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acids, All the niGHER OXIDES OF MANGANESE Without exception 
dissolve to manganous chloride, with evolution of chlorine, 
when heated with hydrochloric acid; to manganous sulphate, 
with evolution of oxygen, when heated with concentrated sul- 
phuric acid. : 

3. The Maneanous saLts are colorless or pale red; part of 
them are soluble in water, the rest in acids. The salts soluble 
in water are readily decomposed by a red heat, with the excep- 
tion of the sulphate. The solutions do not alter vegetable 
colors. 

4. Hydrogen sulphide does not precipitate acid solutions ; 
neutral solutions also it fails to precipitate, or precipitates them 
only very imperfectly. 

5. Ammonium sulphide throws down from neutral, and 
hydrogen sulphide from alkaline solutions the whole of the 
metal as hydrated MaANGaNous suLpHIDE (Mn §.H,O), in form of 
a light flesh-colored* precipitate, which acquires a dark-brown 
color in the air; this precipitate is insoluble’ in ammonium 
sulphide and in alkalies, but readily soluble in hydrochlorie, 
nitric, and acetic acids. The separation of the precipitate is 
materially promoted by addition of ammonium chloride. From 
very dilute soultions the precipitate separates only after stand- 
ing some time in a warm place. Ammonium oxalate, tartrate, 
and especially citrate retard the precipitation, the latter salt also 
keeps up some of the manganese. In the presence of ammonia 
and ammonium sulphide in large excess, the flesh-colored hy- 
drated precipitate occasionally passes into the green anhydrous 
sulphide even in the cold, the change being greatly facilitated 
by boiling, and being hindered more or less by the presence of 
ammonium chloride. Solutions containing much free ammonia 
must first be nearly neutralized with hydrochlorie acid. 

6. Potassa, soda, and ammonia produce whitish precipitates 
of MANGANOUS HYDROXIDE (Mn (O A), which upon exposure to 
the air speedily acquire a brownish and finally a deep blackish- 
brown color, owing to the conversion of the manganous hydrox- 
ide into manganic hydroxide by the absorption of oxygen from 
the ai. Ammonia and ammonium carbonate do not redis- 
solve this precipitate ; but presence of ammonium chloride pre 
vents the precipitation by ammonia altogether, and that by 
potassa partly. Of already formed precipitates solution of am- 
monium chloride redissolves only those parts which have not 
yet undergone oxidation. The solution of the manganous hy- 
droxide in ammonium chloride is owing to the disposition of 
the manganous salts to form double salts with ammonium salts. 
The ammoniacal solutions of these double salts turn brown in 
the air, and deposit dark-brown manganic hydroxide. 

N. B. Non-volatile organic acids impede the precipitation of 


er a the quantity of the precipitate is only trifling, the color appears yellow 
white. 
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manganese by alkali carbonates. Sugar impedes the precipi- 
tation by alkalies, but not that by alkali carbonates. 

7. Potassium ferrocyanide throws down MANGANESE _ FERROCYANIDE 
(Mnz Fe Cys) as a reddish-white precipitate, soluble in hydrochlorié acid. 

8. Potassium ferricyanide precipitates brown MANGANESE FERRICYANIDE 
(Mns Fes Cyi2) insoluble in hydrochlorigacid and ammonia. 

9. If a few drops of a flaid containing manganous salt, and free from 
chlorine, are sprinkled on lead dioxide, and nitric acid free from chlorine is 
added, the mixture boiled and allowed to settle, the fluid: acquires a red 
color, from the formation of permanganic acid H Mn O, (Hopre-SEYLeEr). 

10. Barium carbonate does not precipitate aqueous solutions 
of manganous salts upon digestion in the cold, with the excep- 
tion of manganous sulphate. 

11. If any compound of manganese, in a state of minute 
division, is fused with 2 or 3 parts of sodiwm carbonate on a 
platinum wire, or on a small strip of platinum foil (heated by 
directing the flame upon the lower surface), in the outer flame 
of the Bunsen lamp or blowpipe, soprum MaANGANATE (Na, Mn O,) 
is formed, which makes the fused mass appear GREEN while 
hot, and of a BLUISH-GREEN tint after cooling, the bead at the 
saine time losing its transparency. This reaction enables us 
to detect the smallest traces of manganese. 

12. Borax and sodium metaphosphate dissolve manganese 
compounds in the outer gas or blowpipe flame to clear vioLwr- 
RED beads, which upon cooling acquire an AMETHYST-RED tint: 
they lose their color in the inner flame, owing to a reduction of 
manganic borate, or phosphate to manganous salts. The borax 
bead appears black when containing a considerable portion of 
manganic borate, but that formed by sodium metaphosphate 
never loses its transparency. The latter loses its color in the 
inner flame of the blowpipe far more readily than the former. 


9 108. 
ce. Nicxzt, Ni., 58°8.* 


1. MraLiic nickex in the fused state is yellowish white, in- 
clining to gray; it is bright, hard, malleable, difticultly fusi- 
ble; it does not oxidize in the air at the common tempera- 
ture, but it oxidizes slowly upon ignition; it is attracted by 
the magnet and may itself become magnetic. It slowly dis- 
solves in hydrochloric acid and dilute sulphuric acid upon the 
application of heat, with evolution of hydrogen gas. It dis- 
aolres readily in nitric acid. The solutions contain nickelous 
salts. 

2. NickELous HypRoxrpr is light green, and remains unaltered 
in the air, but is converted by ignition into amorphous green 


*In the monoxide and all the salts Ni is bivalent, in the sesquioxide Ni, is 
sexivalent. 
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NICKELOUS OxIDE. (NiO). Both nickelous oxide and the corre- 
sponding hydroxide are readily soluble in hydrochloric, nitric, 
and sulphuric acids. But the nickelous oxide which crystajlizes 
in octahedrons is insoluble in acids; it dissolves, howe ver, in 
fusing sodium disulphate. Nicxrric oxrpe (Ni, O,) is black ; it 
dissolves in hydrochloric acid@to nickelous chloride with evoln- 
tion of chlorine. By gentle ignition of the nitrate, nickelous 
oxide containing a little nickelic oxide of grayish-green color is 
obtained. , 

3. Most of the nicken saurs are yellow in the anhydrous, 
green in the hydrated state; their solutions are light green. 
The soluble normal salts slightly redden litmus-paper, and are 
decomposed at a red heat. 

4. [Hydrogen sulphide does not precipitate solutions of nickel 
salts with strong acids in presence of free acids; in the absence 
of free acid a small portion of the nickel gradually separates 
as black nickEL sutpuipE (Ni S).—Nickel acetate is not precipi- 
tated, or scarcely at all, in presence of free acetic acid. But 
in the absence of free acid the greater part of the nickel is 
thrown down by long-continued action of hydrogen sulphide. 

5. Ammonium sulphide produces in neutral, and hydrogen 
sulphide in alkaline solutions, a black precipitate of NnicKEL 
suLPHIDE (Ni 8S), which is not altogether insoluble in ammonium 
sulphide, especially if the latter contain free ammonia; the 
fluid from which the precipitate has been thrown down exhibits 
therefore usually a brownish color. The presence of ammoni- 
wm chloride, and still more of ammonium acetate, considerably 
promotes the precipitation. Nickel sulphide dissolves scarcely 
at all in acetic acid, with great difficulty in hydrochloric acid, 
but readily in nitro-hydrochloric¢ acid wpon application of heat. 

6. Potassa and soda produce a light green precipitate of 
NICKELOUS HyDROxIDE (Ni(O H),), which is insoluble in an ex- 
cess of the precipitants, and unalterable in the air,and on 
boiling (even in the presence of alcohol). Ammonium carbon- 
ate dissolves this precipitate, when filtered and washed, to a 
greenish-blue fluid, from which potassa or soda reprecipitates 
the nickel as apple-green hydroxide. 

7. Ammonia added in ‘small quantity produces a trifling 
greenish turbidity ; upon further addition of the reagent this 
vedissolves readily to a blue fluid containing a-compound of 
NICKELOUS SALT AND AMMONIA. Potassa and soda precipitate from 
this solution nickelous hydroxide. Solutions containing ammo- 
nium salts or free acid are not rendered turbid by ammonia. | 

N.B. The presence of non-volatile organic acids, and of sugar, 
impedes the precipitation by alkalies. 


8. Potassium ferrocyanide precipitates greenish-white FERROCYANIDE OF 
NICKEL, Ni2 Fe (C N)«, which is insoluble in hydrochloric acid. ee 

9. Potassium ferricyanide precipitates yellowish-brown NICKEL FERRICY: 
ANIDE (Nis CO: (CN).2), which is insoluble in hydrochloric acid. 
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10. Potassium cyanide produces a yellowish-green precipitate of NIcKEL 
CYANIDE (Ni(CN):), which redissolves readily in an excess of the precipi 
tant as a double nickel potassium cyanide (Ni (C N)2. 2 K CN); the solu- 
tion is brownish-yellow, and does not acquire a darker color on exposure 
to the air. If sulphuric acid or hydrochloric acidis added to this solution, 
the potassium cyanide is decomposed, and the nickel cyanide reprecipitated. 
From more highly dilute solutions the nickel cyanide separates only afte1 
some time; it is very difficultly soluble in an excess of the precipitating 
acids in the cold, but more readily upon boiling. If the solution of. thi 
double cyanide is rendered alkaline by solution of soda, being also kept so 
by a further addition of sodaif necessary, and chlorine gas is passed into 
it without warming, the whole of the nickel gradually separates as black 
nickelic hydroxide (Ni (OH)s). 


11. On adding to solutions which are not too dilute and 
which have been rendered alkaline by ammonia, a solution of 
potassium sulphocarbonate,* a deep brownish-red fluid is ob- 
tained which is barely translucent, and appears almost black by 
reflected light. If the solution of nickel is extremely dilute, 
the addition of the reagent will produce a delicate pink color 
(C. D. Braun). The occurrence of this color in highly dilute 
solutions is characteristic of nickel. 

12. Barium carbonate, on digestion in the cold does not 
precipitate solutions vf nickel salts, solution of sulphate alone 
excepted. 


18. Potassiwm nitrite with acetic acid does not throw down nickel, even 
from concentrated solutions. In the presence of calcium, barium or stron- 
tium, however, a yellow crystalline double nitrite of nickel and of the 
alkali earth metal is precipitated from not too dilnie solutions. The pre- 
cipitate is difficultly soluble in cold water, more readily in hot water to a 
green fluid (KtnzeL, O. L. ERDMANN). 


14. Borax and sodium metaphosphate dissolve compounds 
of nickel in the outer flame to clear beads. The borax bead is 
violet while hot, reddish-brown when cold; the sodiuin meta- 
phosphate bead is reddish or brownish-red while hot, yellow or 
reddish-yellow when cold. In the inner flame the sodium 
inetaphosphate bead remains unaltered, but the borax bead be- 
comes gray and clondy from reduced metal. On continued 
heating the particles of nickel collect together without fusing, 
and the bead loses its color. 

15. By the reduction in the stick of charcoal, according to p. 


; 27, the compounds of nickel vield after trituration white, shin- 


ing, ductile spangles, which will be deposited on the point of a 


- magnetic knife in the form of a brush. With nitric acid they 
give a green solution, which can be further examined. 


-*Prepared by taking a solution containing about 5 per cent. of KOH, 


saturating one-half with H,S, adding the other half and then 3x of the volume 


na of OS., digesting at a gentle heat, and finally separating the dark orange-ree 
-* fluid from the undissolved CS,. The solution must be kept in a well-closed 
bottle. : A IP F ? 
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§ 109. 
d. Copatt, Co. 58°8. * 


1. Meratric copatr in the fused state is steel-gray, pretty 
hard, malleable, difficultly fusible, and magnetic ; susceptible of 
polish ; it does not oxidize in the air at the common temper- 
ature, but it oxidizes at a red heat; with acids it behaves like 
nickel. The solutions contain cobaltous salts. 

2. CoBALrous OXIDE (Co QO) is light brown; cobaltous hydrox: 
ide is a pale red powder. Both dissolve readily in hydro- 
chloric, nitric, and sulphuric acids. Coxsarrio oxime, (Co, O,) 
is black; it dissolves in cold hydrochloric acid to cobaltic 
chloride (Co, Cl,), but on heating this is converted into cobalt- 
ous chloride (Co Cl,), with evolution of chlorine. 

3. The coBparrous saLtrs containing water of crystallization 
are red, the anhydrous salts mostly blue. The moderately con- 
centrated solutions appear of a light red color, which they re- 
tain though considerably diluted. The soluble normal salts 
redden litmus slightly, and are decomposed at a red heat ; co- 
baltous sulphate alone can bear a moderate red heat without 
suffering decomposition. When a solution of cobaltous chloride 
is evaporated, the light red color changes towards the end of 
the operation to blue ; addition of water restores the red color. 

4, Hydrogen sulphide does not precipitate solutions of salts 
with strong acids, if they contain free acid; from neutral solu- 
tions it gradually precipitates part of the cobalt as black co- 
baltous sulphide (Co S$). Cobaltous acetate is not precipitated, | 
or to a very slight extent, in presence of free acetic acid. But 
in the absence of free acid it is completely precipitated, or 
almost completely. 

5. Ammonium sulphide precipitates from neutral, and hy- 
drogen sulphide from alkaline solutions, the whole of the 
metal as black coBaLrous suLpHipE (Co 8). Ammoniuin 
chloride promotes the precipitation most materially. Cobalt- 
ous sulphide is insoluble in alkalies and ammonium sulphide, 
scarcely soluble in acetic acid, very difficultly soluble in hydro- 
chloric acid, upon application of heat. 

6. Potassa and soda produce blue precipitates of BAsic 
COBALTOUS SALTS, insoluble in excess of the precipitants, which 
turn green upon exposure to the air, owing to the absorption of 
oxygen. Upon boiling they are converted into pale red copatr- 
OUS HYDROXIDE, which contains alkali, and generally appears 
rather discolored from cobaltic hydroxide formed in the process. 
If, before boiling, alcohol is added, the precipitate is rapidly 


*In the cobaltous compounds Co is bivalent; in the cobaltic salts Co is 
yuadrivalent and Co, sexivalent. The cobaltic salts, save the double cyanides, ~ 
ritrides and amides, are unstable. 


‘ 
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couverted into dark brown cobaltic hydroxide. Normal am 
monium carbonate dissolves the ached, precipitates of cobalt- 
ous basic salt or cobaltous hydroxide completely to intensely 
violet-red fluids, in which a somewhat larger proportion of 
potassa or soda produces a blue precipitate, the fluid still re- 
taining its violet color. 

7. Ammonia produces the same precipitate as potassa, but 
this redissolves in an excess of the ammonia to a reddish fluid, 
which turns brownish-red on exposure to the air, from which 
potassa or soda throws down a portion of the cobalt as blue 
basic salt. Ammonia produces no precipitate in solutions con- 
taining ammonium salts or a free acid. 

N.B. The presence of non-volatile organic acids or sugar 
checks the precipitation by alkalies. 

8. Potassium ferrocyanide throws down green COBALTOUS FERROCYANIDE 
Co: F; (CN)s, insoluble in hydrochloric acid. 

9. Potassium ferricyanide throws down brownish-red COBALTOUS FERRI- 
CYANIDE Cos; Fe: (CN):2, insoluble in hydrochloric acid. 

10. Addition of potassiwm cyanide gives rise to the formation of a 
brownish-white precipitate of coBALTOUS CYANIDE Co(CN)s, which dissolves 
readily in excess of the precipitant as a double cobaltous potassium cyanide 
Co (ON): 4 (K C N). Acids precipitate from this solution cobaltous 
cyanide. But if the solution is boiled with potassium cyanide in excess, 
in presence of free hydrocyanicacid (liberated by addition of one or two 
drops of hydrochloric acid), or if the solution is mixed with potassa or 
soda and chlorine is passed through it without warming, the double 
cyanide is converted into potassium cobalticyanide Ks Coz (CN):2, and 
acids will now produce no precipitate (essential difference between cobalt 
and nickel). Potassium nitrite, and acetic acid added to the unaltered 


solution of the double cyanide produce a blood-red color in consequence 


of the formation of cobalt potassium nitrocyanide; when the liquid is 
very dilute the color is merely orange red. Solution of soda added to the 
double cyanide occasions a brown color when the fluid is shaken, oxygen 
being absorbed (essential differences between cobalt and nickel, C. D. 


BRavn). 
11. Potassium sulphocarbonate, added to solutions which have been 


rendered alkaline by ammonia, produces a dark brown, almost black 
color; if the solution is very dilute a pale straw color. 


12. Addition of tartaric or citric acid, then of ammonia in 
excess, and lastly of potassium ferricyanide, produces a deep 
yellowish-red color; with extremely dilute solutions a rose 
color (Skry). This is a very delicate reaction, well suited for 
the detection of cobalt in the presence of nickel. 

13. Bariwm carbonate behaves in the same way as to solu- 
tions of nickel. 

14. If potassium nitrite is added in not too small proportion 
to the solution of a cobaltous salt, then acetic acid to strongly 
acid reaction, and the mixture put in a moderately warm place, 
all the cobalt separates, from concentrated solutions very soon, 
from dilute solutions after some time, in the form of a crystal- 
line precipitate of a beautiful yellow color (Fiscuer, Srro- 
mryrr). ‘This precipitate is TRIPOTASSIUM COBALTIC NITRITE 
(KNO,),. Co,(NO,),+Aq.+(Sapruur). The precipitate is very 
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perceptibly soluble in water, scarcely soluble in concentrated 
solutions of potassinin salts and in alcohol, insolub.e in presence 
of potassium nitrite. When boiled with water it. dissolves, 
though not copiously, to a red fluid, which remains clear upon 
cooling, and from which alkalies throw down cobaltous hydrox- 
ide. This reaction serves well to distinguish and separate co- 
balt from nickel. 

15. Borax dissolves compounds of cobalt in the inner and 
outer flame to clear beads of a magnificent blue color, which 
appear violet by candle light, and are almost black in the pres- 
ence of a large quantity of cobalt. This test is as delicate as 
it is characteristic. Sodiwm metaphosphate gives the same re- 
action, but it is less delicate. 

16. In the reduction with the stick of charcoal, according to 
p. 27, compounds of cobalt behave in the same way as com- 
pounds of nickel. The solution with nitric acid is red, 


§ 110. 
e. Iron AND FrRRovus Compounns,* Fe. 56. 


1. Meratiic mon in the pure state has a light whitish-gray 
color (iron containing carbon is more or less gray); the metal 
is hard, lustrous, malleable, ductile, exceedingly difficult to 
fuse, and is attracted by the magnet. In contact with air and — 
moisture a coating of rust (ferric hydroxide) forms on its sur-_ 
face: upon ignition in the air a coating of black ferrous-ferric 
oxide, ¥e,0, Hydrochloric and dilute sulphuric acids dissolve 
iron, with evolution of hydrogen; if the iron contains carbide, 
the hydrogen is mixed with hydrocarbons. The solutions 
contain ferrous salts. Dilute nitric acid dissolves iron in the 
cold to ferrous nitrate, with evolution of nitiogen monoxide ; 
at a high temperature to ferric nitrate, with evolution of nitro- 
gen dioxide ; if the iron contains carbide, some carbon dioxide 
is also evolved, and there is left undissolved a brown substance 
resembling humus, which is soluble in alkalies ; when graphite 
is present, it also is left behind. | , 

2. Ferrous oxtpe is black; ferrous hydroxide is white, and 
in the moist state absorbs oxygen and speedily acquires a 
grayish green, and ultimately a brownish-red color. Both — 
ferrous oxide and ferrous hydroxide are readily dissolved by 
hydrochloric, sulphuric, and nitric acids. ze 

3. The Fzrrous satrs have in the anhydrous state a white, 
in the hydrated state a greenish color; their solutions only 
look greenish when concentrated. The latter absorb oxygen | 


~* Fe is bivalent in the ferrous compounds. Fe is quadrivalent ard Fe: ie 
sexivalent in the ferric salts. aol mo < 
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when exposed to the air, with precipitation of basic ferric salts, _ 
Chlorine or nitric acid converts them by boiling into ferric 
salts. The soluble normal salts redden litmus-paper, and are 
decomposed at a red heat. 

4. Solutions of ferrous salts made acid by strong acids are 
not precipitated by hydrogen sulphide ; nor are neutral solu- 
tions nor solutions acidified with weak acids precipitated by 
this reagent, or at the most but very incompletely. 

5. Ammonium sulphide precipitates from neutral, and hy- 
drogen sulphide from alkaline solutions, the whole of the metal 
as black FERRovs suLpuIpE (Fe §), which is insoluble in alka. 
lies and sulphides of the alkali metals, but dissolves readily in 
hydrochloric and nitric acids ; this black precipitate turns red- 
dish brown in the air by oxidation. To highly dilute solutions 
ammonium sulphide imparts a green color, and it is only after 

_ some time that the ferrous sulphide separates as a_ black 
_ precipitate. Ammonium chloride promotes the precipitation 
most materially. 

6. Potassa and ammonia produce a precipitate of rerrous 
HYDROXIDE Ie (OH),, which in the first moment looks almost 
white, but acquires after a very short time a dirty green, and 
ultimately a reddish-brown color, owing to absorption of oxygen 
from the air. Presence of ammonium salts prevents the pre- 
cipitation by potassa partly, and that by ammonia altogether. If 
alkaline ferrous solutions thus obtained by the agency of am- 
monium salts are exposed to the air, ferrous-ferric and ferric 
hydroxides precipitate. Non-volatile organic acids, sugar, etc., - 
check the precipitation by alkalies. 

7. Potassium ferrocyanide produces a bluish-white precipi- 
tate of PorASsIUM FERROUS FERROCYANIDE K,}*e,(CN),, which by 
absorption of oxygen from the air, speedily acquires a blue 
color. Nitric acid or chlorine converts it immediately into 
blue, 6 K,Fe, (CN),+Cl,=Fe, (CN) ,,+3K,Fe (CN),+ 

‘e,Cl,. 

8. Potassium ferricyanide produces a magnificently blue 
_ precipitate of FreRRoUS FERRICYANIDE Fe, Oy,,. This precipi- 
é tate does not differ in color from Prussian blue. It is insolu- 
ble in hydrochloric acid, but is readily decomposed by potassa. 
 Inhighly dilute solutions the reagent produces simply a deep 
blue-green coloration. < 

_ 9. Potassium sulphocyanate does not alter solutions of fer- 
_ ous salts when free from ferric salts. 
10. Barium carbonate does not precipitate solutions of 
_ ferrous salts in the cold, with the exception of the sulphate. 
_ 11. Borax dissolves ferrous compounds in the oxidizing 
_ flame, giving beads varying in color from yellow to dark red ; 
when cold the beads vary from colorless to dark yellow. In 
_ the inner flame the beads change to bottle-green, owing to the , 
_ reduction of the newly formed ferric borate to. ferrous-ferri¢ 
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borate. Sodium metaphosphate shows a similar reaction ; the 
beads produced with this reagent lose their color upon cooling 
still more completely than those produced with borax; the 
signs of the ensuing reduction in the reducing flame are alsc 
less marked. 

12. When reduced in the stick of charcoal (p. 27), ferrous 
compounds give a dull black powder, which is attracted by 
a magnetic knife. The reduced metal, when dissolved in a 
few drops of aqua regia, gives a yellow fluid, which can be 
further tested according to § 111. ° 


§ 111. 
J. Iron 1x Ferric Compounns. Fe, 56. 


1. Native crystallized rerric oxipE (Fe,O,) is steel-gray ; the 
native as well as the artificially prepared ferric oxide gives upon 
trituration a brownish-red powder ; the color of the ferric hy- 
droxides is more inclined to reddish-brown. Both ferric oxide 
aud the ferric hydroxides dissolve in hydrochloric, nitric, and sul- 
phuric acids; the normal ferric hydroxide Fe (OH), dissolves 
readily in these acids, but the basic ferric hydroxides, and 
ferric oxide dissolve with greater difficulty, and completely 
only after long and hot digestion. FrRRovs-FERRIC OXIDE 
(e,O,) is black; it dissolves in hydrochloric acid to ferrous 
chloride and ferric chloride, in aqua regia to ferric chloride. 

2. The norma] anhydrous Ferric sats are nearly white ; the 
basic salts are yellow or reddish-brown. The color of the solu- 
tions is brownish-yellow, and becomes reddish-yellow upon the 
application of heat. The soluble normal salts redden litmus- 
paper, and are decomposed by heat. 

3. Hydrogen sulphide produces in solutions made acid by 
stronger acids a milky white turbidity, proceeding from sepa- 
rated sutpuuR; the ferric salt being at the same time converted 
into ferrous salt: Fe, (SO,), + H,S = 2 Fe SO, + H, SO,+8. 
If solution of hydrogen sulphide is rapidly added to neutral 
solutions, a transient blackening of the fluid also occurs. From 
solution of normal ferric acetate, hydrogen sulphide throws 
down the greater part of the iron; but in presence of a sufii- 
cient quantity of free acetic acid sulphur alone separates. 

4. Ammonium sulphide precipitates from neutral, and hy- 
drogen sulphide from alkaline solutions, the whole of the metal 
as black FERROUS SULPHIDE (Fe S) mixed with sulphur; Fe, Cl, 
+3 (NH,),S = 6 NH, Cl+2FeS+S8. In very dilute solu- 
tions the reagent oo only a blackish-green coloration. 
The minutely divided ferrous sulphide subsides in such cases 
, only after long standing. Ammonium chloride most materially 
promotes the precipitation. Ferrous sulphide, as already stated 
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($ 110, 5), is insoluble in alkalies and alkali sulphides, but dis- 
solves readily in hydrochloric and nitric acids. 

5. Potassa and ammonia produce bulky reddish-brown pre- 
cipitates of NORMAL FERRIC HYDROXIDE (Ie (OH);), which are 
insoluble in an excess of the precipitant as well as in ammoni- 
um salts. Non-volatile organic acids and sugar, when present 
in sufficient quantity, entirely prevent the precipitation. 

6. Potassium ferrocyanide produces even in highly dilute 
solutions a magnificently blue precipitate of FERRIC FERROCYA: 
nipE, or Prussian blue, Fe, Cy,,:—3 K, Fe Cy,+2 Fe, Cl, = 
12 K Cl+Fe, Cy,,. This precipitate is insoluble in hydro- 
chloric acid, but is decomposed by potassa, with separation of 
ferric hydroxide. 

7. Potassium ferricyanide deepens the color of solutions of 
ferric salts to reddish-brown ; but it fails to produce a precipi- 
tate. 

8. Potassium sulphocyanate imparts to acid solutions a most 
intense blood-red color, arising from the formation of a soluble 
FERRIC sULPHOCYANATE. This color does not disappear on the 
addition of a little alcohol and warming (difference from the 
analogous reaction of nitrogen tetroxide, § 158). Solutions of 
ferric salts, containing sodium acetate (which consequently are 
more or less red from ferric acetate), do not show the blood-red 
color of the sulphocyanate till after the addition of much hy- 
drochlorie acid. The same remark applies to solutions con- 
taining an alkali fluoride, phosphate or borate, or an oxalate, 
tartrate, racemate, malate, citrate, or succinate. This test will 
indicate the presence of iron even in fluids, which are so highly 
dilute that every other reagent fails to produce in them the 
slightest visible alteration. The red coloration may in such 
cases be detected most distinctly by resting the test-tube upon 
a sheet of white paper, and looking through it from the top. 
The delicacy of the reaction may also be increased by shaking 
gently with ether after the addition of: hydrochloric acid, and 
of excess of potassium sulphocyanate solution freshly prepared 
from the crystals. The ferric sulphocyanate dissolves in the 
ether, and the layer of the latter acquires a more or less red 
color. 

9. Barium carbonate precipitates even in the cold all the 
iron a8 FERRIC HYDROXIDE MIXED WITH A BASIC SALT. 

10. When a solution containing a ferric salt is rendered 
nearly neutral by sodium carbonate, and then heated to boiling 
with addition of excess of sodiwm acetate, all the iron is pre- 
cipitated as brown BASIC FERRIC ACETATE, and may be whi A 
removed from the solution by filtering hot and washing wi 
boiling water. If it is allowed to remain in the solution it may 
partially redissolve as the latter becomes cold. 

11. The reactions before the blowpipe are the same as with 
the ferrous compounds. 
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Recapitulation and remarks.—On observing the reactions of the severz} 
metals of the fourth group with solution of potassa, it would appear that 
the separation of zinc, whose hydroxide is soluble in an excess of this 
reagent, might be readily effected by its means; but in the actual experi- 
ment we find that notable quantities of zinc are thrown down with ferric 
hydroxide, cobaltous hydroxide, ete., to such an extent indeed that it is 
often impossible to demonstrate the presence of zinc in the alkaline filtrate. 
This method would be entirely inadmissible in the presence of chromic 
oxide, as solutions of the latter and of zinc oxide in potassa mutually pre- 
cipitate each other. 

Again, the reactions of the different metals with ammonium chloride 
and an excess of ammonia would lead to the conclusion that the separation 
of iron as ferric hydroxide from cobalt, nickel, manganese, and zine might 
be readily effected by these agents. But this method also is inaccurate, 
since greater or smaller portions of the other metals will always precipi- 
tate along with the ferric hydroxide; and it may therefore happen that 
small quantities of cobalt, manganese, etc., altogether escape detection in 
this process. 

It is far safer therefore to separate the other metals of the 
fourth group from ferric hydroxide by barium carbonate, as in 
that case the mon is precipitated free from zinc and manganese, 
and, if ammonium chloride is added previously to the addition 
of the barium carbonate, almost entirely free also from nickel 
and cobalt. Instead of using the barium carbonate for the 
separation of ferric hydroxide, we may proceed as follows: 
nearly neutralize any excess of acid with sodium carbonate, 
add sodinm acetate, and boil; or mix the sufficiently diluted 
solution with a rather large quantity of ammonium chloride, 
cautiously add ammonium carbonate till the fluid commences 
to become cloudy; the reaction still remaining acid, and then 
boil. In each of these last two methods the basic ferric salt 
must be filtered off hot. 

Manganese may conveniently be separated from cobalt and 
nickel, as well as from zine, by treating the washed precipi- 
tated sulphides with moderately dilute acetic acid, which dis- 
solves the manganese sulphide, leaving the other sulphides un- 
dissolved. If the acetic solution is now evaporated and mixed 
with solution of potassa, the least trace of a precipitate will be 
sufficient to recognize the MANGANESE before the blowpipe with 
sodium carbonate. If the sulphides left undissolved by acetic 
acid are now treated, after washing, with very dilute hydro- 
chlorie acid, zinc sulphide dissolves, leaving almost the whole 
of the cobalt and nickel sulphides behind. If the fluid is then 
boiled, and strongly concentrated to expel the hydrogen sul- 
phide, and afterwards treated with solution of potassa or soda 1b — 
excess without warming, the zrxc is sure to be detected in the 
filtrate by passing into it hydrogen sulphide. _ coer 
On drying the filter contaning the nickel and cobalt sul- 
phides, incinerating it ina smal porcelain dish, and testing a por-— 
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tion of the residue with borax in the inner blowpipe flame, the 
COBALT may generally be detected with certainty even in the 
presence of nickel. The detection of nickel in presence of 
cobalt is not quite so simpleamatter. It is best done by warm- 
ing the rest of the residue with a little aqua regia, diluting, 
filtering, evaporating the solution to a small bulk, mixing with 
a sufficiency of potassium nitrite, adding acetic acid to strongly 
acid reaction, and setting aside in a moderately warm place for 
at least twelve hours. The cobalt then separates as tripotassi- 
um cobaltic nitrite; the nicxkeL may be precipitated from the 
filtrate by solution of soda, and, to prevent mistakes, tested be- 
fore the blowpipe, or according to § 108, 11, after considerable 
dilution. For the detection of small quantities of nickel in 
presence of large quantities of cobalt, it is still better to use the 
solution of the cyanides in potassium cyanide mixed with solu- 
tion of soda. In this solution the presence of cobalt will be 
shown by a dark color on exposure to the air, the presence of 
nickel by the separation of black nickelic hydroxide on treat- 
ment with chlorine (§ 108, 10, and § 109, 10). é 

In practical analysis we generally separate the whole of the 
metals of the fourth group as sulphides by precipitation with 
ammonium sulphide in presence of ammonium chloride. It is 
therefore in most cases still more convenient to separate nicke! 
and cobalt, or at least the far larger portion of these two metals, 
at the ontset. To this end the moist precipitate of the sul- 
phides is treated with water and some hydrochloric acid, with 
active stirring, but without application of heat. Nearly the 
whole of the nickel sulphide and cobalt sulphide is left behind 
undissolved, whilst all the other sulphides are dissolved, being 
converted into chlorides. The undissolved residue of cobalt 
sulphide and nickel sulphide is filtered and washed, and treated 
as directed above. By boiling the filtrate with nitric acid the 


iron passes from the state of ferrous chloride, as it existed in 


_ the solution of the sulphide, into that of ferric chloride. After 


the free acid has been nearly neutralized by sodium carbonate, 
the iron may be thrown down as basic ferric salt either by 
barium carbonate in the cold, or by sodium acetate and boiling. 


_ Manganese and zinc alone remain in the filtrate; these metals 
are then also precipitated with ammonium sulphide and some 


ammonium chloride, the precipitate is filtered and washed, and 


the two metals are finally separated from each other by acetic 


acid as directed above, or after removal of the barium by sul- 
_ phuric acid and great concentration, by solution of potassa or 
soda. The trifling quantities of cobalt and nickel, dissolved on 


the first treatment of the sulphide precipitate with dilute hydro- 
- chloric acid, remain with the zine sulphide in the separation of 


Ae 
‘ 


the latter from the pene sulphide by acetic acid—or with 
_ the manganous hydroxide if the separation is effected by solu- 


ma 
] 


tion of potassa or soda. The zinc sulphide may be extracted 


10 
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from the blackish precipitate by dilute hydrochloric acid, and 
the detection of the manganese in presence of the cobalt and 
nickel may be readily effected by means of sodium carbonate 
in the outer flame. . | 

In the presence of non-volatile organie bodies the whole of — 
the metals must be precipitated as sulphides, since such organie¢ 
substances would check the precipitation of ferric hydroxide 
by barium carbonate. 

Ferrous and ferric salts may be detected in presence of each 
other by testing for the former with potassium ferricyanide, for 
the latter with potassium ferrocyanide or sulphocyanate. 


ae 
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Special Reactions of the rarer Metals of the Fourth Group. 


§ 113. 
a. Uranium, U. 240. 


This metal is found in a few minerals, as pitchblende, uran-ochre, ete. 
Uranium forms two oxides, viz., uranous oxide (U Oz), and uranic oxide 
(UOs). Uranous oxide is brown; it dissolves in nitric acid to uranic nitrate. 
The uranic hydroxide is yellow; at about 300° it loses its water and turns 
red; it is converted by ignition into the dark blaekish-green uranous-urani¢c 
oxide (UsOs). The solutions of uranic oxide in acids are yellow. Hydro- 
gen sulphide does not alter them; ammonium sulphide throws down from 
them, after neutralization of the free acid, a slowly subsiding precipitate, 
which is readily soluble in acids, even acetic acid. The precipitation is 
promoted by ammonium chloride. The precipitate, when formed in the — 
cold, is chocolate brown, and cuntains uranic oxysulphide, ammonium — 
sulphide, and water. It is insoluble in yellow ammonium sulphide; but, — 
when free from other sulphides, it dissolves to a notable extent in colorless — 
ammonium sulphide, forming a black fluid. On being washed, the pre- — 
cipitate is gradually converted into yellow uranic hydroxide. On -warm- — 
ing or boiling the mixture of uranium solution and ammonium sulphide — 
the oxysulphide at first thrown down splits into sulphur and black uranous — 
oxide, which last is insoluble in the excess of ammonium sulphide (RE- ~ 
MEL£). The uranic oxysulphide (but not the precipitate which has been — 
converted into uranous oxide and sulphur) dissolves readily in ammonium ~ 
carbonate. (This reaction may be used as a means of separating uranium — 
from zinc, manganese, iron, etc.) If the oxysulphide remains long in con- — 
tact with the fluid which has turned black in consequence of partial solu-— 
tion of the precipitate in excess of ammonium sulphide, it gradually turns — 
blood-red, probably from becoming crystalline (RemEL£). Ammonia, — 
potassa, and soda produce yellow precipitates containing uranic hydroxide — 
and aikali, which are insoluble in excess of the precipitants. Ammonium — 
carbonate and hydrogen potassium carbonate produce yellow precipitates of 
ammonium or potassium uranic carbonate, which readily redissolve in an ex 
cess of the precipitants. Potassa and soda throw down from such solutions - 
the whole of the uranium. Bariwm carbonate completely precipitates 
solutions of uranic salts, even in the cold (essential difference from nickel, 
cobalt, manganese, and zinc, and means of separating-uranium from these 
metals). Potassium ferrocyanide produces a reddish-brown precipitate 
most delicate test). Borax and sodium metaphosphate give with uranit 
compounds in the inner flame of the blowpipe green beads, in the rv 
flame yellow beads, which acquire a yellowish-green tint on cooling. 
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6. Taatuium, Tl. 204. 


Thallium occurs, in minute quantities, in many kinds of copper and 
iron pyrites, in many kinds of crude sulphur, and accumu‘ates in the flue- 
‘dust of the lead chambers, where the furnaces are fed with thalliferous 
pyrites. It is occasionally found in commercial sulphuric and hydrochloric 
acids, and it has been discovered in lepidolite, preparations of cadmium 
and bismuth, in ores of zinc, mercury, and antimony, in the ashes of plants, 
and in some saline waters. Thallium is a metal resembling lead, of 11.86 
spec. gray., soft, fuses at 290°, volatile at a white heat, and in a current 
of hydrogen at a red heat, crackling like tin when bent; it does not de- 
compose water, even on addition of acid. Dilute sulphuric and nitric 
acids readily dissolve it; hydrochloric acid dissolves it with difficulty. It 
forms two oxides. THALtLtious oxiDE (T1.0), is black, and fusible, when 
in the melted state it attacks glass or porcelain. It dissolves in water to 
hydroxide; the solution is colorless, alkaline, caustic, and absorbs car- 

_ bonic acid. From the solution THALLIOUs HYDROXIDE (T10H) may be 
obtained in yellow crystals, which dissolve in alcohol. THannic oxIpR 
- (71,03) is insoluble in water and dark violet, THALTIC HYDROXIDE 
(T10.0H) is brown. Thallic oxide is hardly acted on by concentrated 
sulphuric acid in the cold, on heating they combine. On continued heat- 
_ ing oxygen escapes and thallious sulphate is formed. Treated with hydro- 
chloric acid, thallic oxide yields the corresponding chloride, as a white 
_ crystalline mass, which splits into chlorine and thallious chloride when 
heated. In solutions of ruanurc saurs alkalies throw down thallic hy- 
- droxide, hydrogen sulphide produces thallious salts with separation of 
_ sulphur, potassium iodide yields thallious iodide and iodine, hydrochloric 
- acid produces no change. The THALLIOUS SALTS are colorless, some are 
- readily soluble in water (sulphate, nitrate, phosphate, tartrate, acetate), some 
' are difficultly soluble (carbonate, chloride), some are almost insoluble 
' Godide, etc.). On boiling solutions of thallious salts with nitric acid they 
' are not converted into thallic salts, but théy are so converted entirely by 
_ boiling and evaporating with aqua regia. Potassa, soda, and ammonia do 
“not precipitate aqueous solutions of thallious salts, carbonated alkalies throw 
' down thallious carbonate, but only from very concentrated solutions (for 
_ 100 parts of water dissolve 5:23 parts at 18°). Hydrochloric acid throws 
_ down thallious chloride, if the solutions are not extremely dilute, in the 
form of a white readily subsiding precipitate, unalterable in the air, still 
less soluble in dilute hydrochloric acid than in water. Potassium iodide 
precipitates, even from the most dilute solutions, the light yellow thallious 
_ iodide, which is almost insoluble in water, but somewhat more soluble in 
solution of potassium iodide. Platinie chloride precipitates from solutions 
which are not extremely dilute the pale orange thallious platinic chloride 
(2T1 Cl. Pt Cl), which is very difficultly soluble. Hydrogen sulphide does 
not precipitate solutions rendered strongly acid by mineral acids, unless 
arsenious acid is present, when a brownish-red precipitate is formed, which 
contains the whole of the arsenic and a part of the thallium. Neutral or 
_ very slightly acid solutions are incompletely precipitated by this reagent ; 
from acetic acid solutions the whole of the thallium is thrown down as 
lack thallious sulphide. Ammonium sulphide precipitates the whole of 
e thallium as black sulphide, which readily collects into lumps, especially 
warming ; hydrogen sulphide added to alkaline solutions has the same 
ct. The sulphide thrown down is insoluble in ammonia, alkali sul- 
des and potassium cyanide, it rapidly oxidizes in the air to thallious 
hate, it dissolves readily in dilute hydrochloric, sulphuric, and nitric 
ds, but it is acted on only with difficulty by acetic acid. On heating it 
fuses and then volatilizes. Zine throws down the metal in the form 
black crystalline lamine. Colorless flames are tinged intensely green by 
compounds of thallium. The spectrum of thallium exhibits only one line 


So 
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_ (compare the spectrum plate) of an emerald green color, extremely charac- 
teristic. If the quantity of metal is small, the line soon disappears. The 
spectroscope generally affords the best means of detecting thallium. Thal- 
liferous pyrites often give the green line at once. To look for thallium 
in crude sulphur, it is best to remove the greater part of the sulphur with 
carbon disulphide, and then to test the residue. In the presence of much 
sodium with very small quantities of thallium the green line will not be 
seen, unless you moisten the substance and examine the spectrum which is 
first produced. For the detection of thallium in the wet way, potassium 
iodide is the most delicate reagent; if a ferric salt is present, it must 
previously be reduced by sodium sulphite. 


¢. Inprum, In. 758. 


Indium has hitherto been discovered only in the blende of Freiberg, in 
the zinc prepared from the same, and in wolfram. It is a white highly 
iustrous metal,,and resembles platinum in color, it is very soft, ductile, 
makes a mark on paper, is capable of receiving a polish, and preserves its 
lustre in the air and in water even when boiling. It fuses about as easily 
as lead. On charcoal before the blowpipe it melts with a shining metallic 
surface, colors the flame blue, and yields an incrustation which is dark 
yellow while hot, light yellow when cold, and cannot be easily dispersed 
by the blowpipe flame. Indium dissolves in dilute hydrochloric and sul- 
phuric acids with evolution of, hydrogen, slowly in the cold, more rapidly 
on heating; in concentrated sulphuric acid it dissolves with evolution of 
sulphur dioxide: in nitric acid it dissolves with ease even when the acid is 
cold and dilute. The oxide, In O, is brown when hot, straw-colored 
when cold, it does not color vitreous fluxes; when ignited in hydrogen or — 
with charcoal, it is readily reduced, and if a flux be used metallic globules 
will be obtained. The ignited oxide dissolves slowly in acids in the cold, 
but readily and completely by the aid of heat. The salts are col- 
orless, the sulphate, nitrate and chloride dissolve readily in water. The 
chloride is volatile and hygroscopic. -Alkalies throw down the hydroxide 
in the form of a white bulky precipitate, which is completely insoluble in 
potassa and ammonia; tartaric acid prevents the precipitation. Alkali 
carbonates precipitate a white gelatinous carbonate. When recently thrown 
down the precipitate dissolves in ammonium carbonate, but not in potas- 
sium or sodium carbonate; if the solution in ammonium carbonate is 
boiled, the indium carbonate separates again. Sodiwm phosphate throws 
down a white bulky precipitate. Alkali oxalates produce a crystalline pre- 
cipitate. Sodium acetate added to the nearly neutral solution of the sul- — 
phate throws down on boiling a basic sulphate. Barium carbonate pre- 
cipitates the whole of the indium, on digestion in the cold, in the form 
of basic salt. (Means of separating indium from zinc, manganese, cobalt, 
nickel, and ferrous compounds.) Hydrogen sulphide produces no precipi- — 
tate in the presence of a strong acid. From dilute and slightly acid solu- — 
tions it throws down some of the indium, as in the case of zinc. From 
a solution acidified with acetic acid this reagent throws down indium sul- 
phide in the form of a slimy precipitate of a fine yellow color. Ammo-— 
nium sulphide added to a solution mixed with tartaric acid and ammonia 
produces a white precipitate which probably consists of indium hydrosul- 
phide, and which turns yellow on treatment with acetic acid. Indium sul- 

hide is insoluble in cold, butsoluble in hot ammonium sulphide; on coi 
it separates from the solution with a white color. Potassium ferrocyant 
produces a white precipitate. Potassium ferricyanide, sulphocyanate and 
chromate produce no precipitate. Zine precipitates the metal in the form 
of white shining lamina. Indium compounds produce a peculiar bluish 
violet tinge in a colorless flame. The spectrwm has a characteristic intensely 
blue line (at 111-112° of the scale; see the spectrum plate), and a 
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fainter violet line which appears brightest with the chloride, but they are 
very transient. For obtaining more persistent lines the sulphide is the 
most suitable compound. 


d. Vanapium, V = 51°2. 


Vanadium occurs in the form of vanadates, occasionally in small quan 
tities in iron and copper ores, and in the slags obtained from the same, 
There are five oxides of vanadium, the monoxide V2 O, the diaxide V2 Oz, 
the trioxideV. Os, the tetroxide V2 O., and the pentoxide V20s: Roccoxr, 
V: O2 is gray, possesses metallic lustre, is insoluble in water, and is soluble 
in dilute acids, with evolution of hydrogen, to blue fluids which bleach 
organic coloring matters by reducing them. Vs: Os is black, insoluble, not 
reduced by ignition in hydrogen, exposed to the air it is gradually convert- 
ed into V20,. Acid solutions containing V2 Os are green. V2 Oy, is dark 
blue, acid solutions in which it is present are pure blue. All the lower 
oxides pass into VO; on heating with nitric acid or aqua regia, on fusing 
with potassium nitrate, or on igniting in oxygen or air. Va Os is non-vola- 
tile, fusible, solidifies to a crystalline mass, dark red to orange-red in color. 
Heated to redness in a current of hydrogen it is converted to V2Os. Vs Os 
is difficultly soluble in water, but the solution reddens litmus-paper strongly. 
It dissolves in acids and combines with bases yielding vanadates. a. 
Acid solutions.—The stronger acids dissolve V2 Os to red or yellow fluids, 
which are frequently decolorized by boiling. The sulphuric acid solution 
when much diluted, treated with zine and warmed gently turns first 
blue, then green, and finally from lavender to violet. The Vs Os is 
thus reduced to V2 Oz, and on addition of ammonia a brown hydrox- 
ide is precipitated, which immediately absorbs oxygen. Sulphur dioaide, 
hydrogen sulphide, and organic substances reduce the solutions, but only to 
V2 Ox, hence the color produced is only blue. Ammonium sulphide pro- 
duces a brown color, and on acidifying with hydrochloric acid, or better 
with sulphuric acid, the brown pentasulphide falls, which is soluble in ex- 
cess of ammonium sulphide with a brownish-red color. Potassium ferro- 
cyanide throws down a green flocculent precipitate which is insoluble in 

acids. Tincture of galls produces after some time in solutions free from 
excess of acid a brownish-black precipitate. 0. Vanadates.—V2 Os yields 
five series of vanadates, viz., tribasic, bibasic, monobasic, biacid, and tri- 
acid. The monobasic salts (metavanadates) are mostly yellow, those of 
the alkali metals are colorless. Some of them pass by warming with 
water into colorless isomeric salts. The acid vanadates are yellow or yel- 
lowish-red. The vanadates sustain a red heat, most of them are soluble 
in water, all are soluble in nitric acid. The alkali vanadates are soluble 
- in water in inverse proportion to the quantity of free alkali or alkali salt 
present. When mixed with acids, the solutions acquire a yellow or red 
color; silver nitrate, mercurous nitrate, barium chloride, and lead acetate, pro- 
duce white or yellow precipitates readily soluble in acids,ammonium sul- 

_ phide reacts as in acid solutions, potassium ferrocyanide produces a yellow 
_ precipitate, tincture of galls produces a deep black color, especially in solu- 
tions of acid vanadates of alkali metals. If the solution of an alkali vanadate 
is saturated with ammonium chloride, the whole of the vanadic acid separates 
as white ammonium metavanadate, insoluble in solution of ammonium 
chloride (most characteristic reaction). The precipitate gives by ignition 
_ V2.0, or a mixture of the same with a lower oxide. If an acidified solu- 
tion of alkali vanadates is shaken with hydrogen diowide the fluid acquires 
a red tint; if ether is then added, and the mixture shaken, the solution 
retains its color, the ether remaining colorless (most delicate reaction). 
_ Werrner. Borax dissolves vanadium compounds in the inner and outer 
flame to a clear bead; the bead produced in the outer flame is colorless, 
with large quantities of vanadium yellow; the bead produced in the in- 
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“ner flame has a-beautiful green color; with larger quantities of vanadium 
it looks brownish whilst hot, and only turns green on cooling. 


§ 114. 
FIFTH GROUP. 


More common metals :—Sirver, Mercury, Leap, Bismurn, 
Copper, CapMIUM. 

Rarer metals :—Pariapium, Revoprum, Osmium, Rorsentum. 

Properties of the group—tThe sulphides are insoluble both 
in dilute acids and in alkali sulphides.* The solutions of these 
metals are therefore completely precipitated by hydrogen sul- 
phide, no matter whether they be neutral, or contain free acid 
or free alkali. The fact that the solutions of the metals of the 
fifth group are precipitated by hydrogen sulphide in presence 
of a free strong acid, distinguishes them from the metals of 
the fourth group and generally from the metals of all the pre- — 
ceding groups. 

For the sake of greater clearness and simplicity, we divide 
the more common metals of this group into two classes, and 
distinguish, ; 

1. MrrALs PRECIPITABLE BY HYDROCHLORIC ACID, viz., silver, 
mereury in mercurous salts, lead. 

2. MrraLs NOT PRECIPITABLE BY HYDROCHLORIC ACID, VIZ, 
mereury in mercuric salts, copper, bismuth, cadmium. — 

Lead must be considered in both classes, since the sparin 
solubility of its chloride might lead to confounding it with 
silver and mercury in mercurous salts, without affording us on 
the other hand any means of effecting its perfect separation — 
from the metals of the second division. 


| 
| 


Special Reactions of' the more common metals of the fifth | 
group. 


FIRST DIVISION; METALS WHICH ARE PRECIPITATED BY HYDRO- 
CHLORIC ACID. 


4 
8 115. 


a. Strver,t Ag. 108. 


1. Mrratric sItver is white, very lustrous, moderately hard, 
highly malleable, rather difticultly fusible. It is not oxidized 


* Consult, however, the paragraphs on copper and mercury, as the la 

remark applies only partially to them. as é 
In the ordinary or argentic compounds Ag is univalent. The nature 

the argentous compounds is not sufficiently understood but Ag, appears to b 

univalent in them. . cite eee ee 
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by fusion in the air. Nitric acid dissolves silver readily ; the 
metal is insoluble in dilute sulphuric acid and in hydrochloric 
acid. 

2. ArcEentic oxipE Ag, O is a grayish-brown powder ; it is 
not altogether insoluble in water, and dissolves readily in dilute 
nitric acid. There is no corresponding hydroxide. Ag, O is 
decomposed by heat into metallic silver and oxygen gas. The 
black argentous oxide Ag,O and Sirver pioxipr Ag, O, are 
likewise decomposed by heat into metallic silver and oxygen. 

3. The Arcenric sats are non-volatile and colorless ; many 
of them acquire a black tint upon exposure to light. The sol- 
uble normal salts do not alter vegetable colors, and are decom- 
posed at a red heat. 

4, Hydrogen sul 


Iphide and ammonium sulphide precipitate 
black sttver sutpume (Ag, 8) which is insoluble in dilute acids, 
alkalies, alkali sulphides, and potassium cyanide. Boiling nitric 
acid decomposes and dissolves this precipitate readily, with 
separation of sulphur. 3 


5. Potassa and soda precipitate ARGENTIC OXIDE in the form of a gray- 
ish-brown powder, which is insoluble in an excess of the precipitants, but 
dissolves readily in ammonia. . 

6. Ammonia, if added in very small quantity to neutral solutions, 
throws down ARGENTIC OXIDE as a brown precipitate, which readily redis- 
solves in an excess of ammonia. Acid solutions are not precipitated. 


4. Hydrochloric acid and soluble metallie chlorides produce 
_ awhite curdy precipitate of arcentic catormer (Ag Cl). In 
' yery dilute solutions these reagents impart at first simply a 
 binish-white opalescent appearance to the fluid ; but after long 
_ standing in a warm place the silver chloride collects at the bot- 
_ tom of the vessel. By the action of light the white silver chlo- 
_ ride loses chlorine, first acquiring a violet tint, and ultimately 
_ turning black (probably from formation of argentous chloride 
_ Ag, Cl,); it is insoluble in nitric acid, but dissolves readily in 
- ammonia as ammonio-silver chloride (2 Ag Cl. 3 N H,), from 
~ which double compound the silver chloride is again separated 
_ by acids. Concentrated hydrochloric acid and concentrated 
solutions of chlorides of the alkali metals dissolve silver chlo- 
_ ride to a very perceptible amount, more particularly upon 
_ application of heat; but the dissolved chloride separates again 
upon dilution. Upon exposure to heat silver chloride fuses 
_ without decomposition, giving upon cooling a translucent horny 
mass, ae 

___ 8. If compounds of silver mixed with sodiwm carbonate are 
_ exposed on a eharcoal support to the inner flame of the blow- 
pipe, white brilliant malleable metallic globules are obtained, 
th or without a slight dark red incrustation of the charcoal. 
The metal is also readily reduced in the stick of charcoa 


p. 27). me 
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§ 116. 
b. Meroury,* Hg. 200; ann Mercurous Compounns. 


1. Meraruic Mercury is grayish-white, lustrous, fluid at the 
common temperature ; it solidifies at -39°, and boils at 360°. 
It is insoluble in hydrochloric acid; in dilute cold nitric acid 
it dissolves to mercurous nitrate, in concentrated hot nitric acid 
to mercuric nitrate. 

2. Mrrcurous oxipe Hg, O is a black powder, readily solu- 
ble in nitric acid. It is decomposed by the action of heat, the 
mercury volatilizing in the metallic state. There is no cor- 
responding hydroxide. 

3. The mercurous sats volatilize upon ignition; most of 
them suffer decomposition in this process, Mercurous chloride - 
and mercurous bromide volatilizes unaltered. Most of the mer- 
curous salts are colorless. The soluble normal salts redden lit- 
mus-paper. Mercurous nitrate is decomposed by addition of 
much water into a light yellow insoluble basic and soluble acid 
salt. 

4. Hydrogen sulphide and ammonium sulphide produce 
black precipitates, which are insoluble in dilute acids, am- 
onium itade. and potassium cyanide. The precipitates, 
especially after warming, consist of MERCURIC SULPHIDE MIXED 
with MERCURY. Sodium monosulphide, in presence of some 
caustic soda, dissolves this precipitate with separation of metal- 
lic mercury; sodium disulphide dissolves it without sepa- 
ration of metallic mercury; the solutions contain mercurie¢ 
sulphide. The precipitate gives up mercury to boiling concen- 
trated nitric acid with formation of a white double mercuric 
compound, namely, 2 Hg S. Hg(NO,),. The precipitate is 
readily dissolved by aqua regia. 

5. Potassa, soda, and ammonia produce black precipitates, 
which are insoluble in an excess of the precipitants. The pre- 
cipitates produced by the fixed alkalies consist of meRcUROUS 
OXIDE; whilst those produced by ammonia consist of MERcU- 
ROSAMMONIUM SALTS. 

6. Hydrochloric acid and soluble metallic chlorides precipi- 
tate MERCUROUS CHLORIDE (Hg,Cl,) as a fine powder of dazzlin 
whiteness. Cold hydrochloric acid and cold nitric acid fail to 
dissolve this precipitate ; it dissolves, however, although very 
difficultly and slowly, upon long-continued boiling with these 
acids, being resolved by hydrochloric acid into mereuric¢ ¢hlo- 
ride and metallic mercury, which separates; and converted by 


Hg—Cl 


Hg—Cl 


Hg 
* In mercurous compounds Hg; is bivalent, e.g. Py and 


In mercuric salts Hg is bivalent,e. g. Hg <r and Hg=0 
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nitric acid into mercuric chloride and mercurié nitrate. Nitro- 
hydrochloric acid and chlorine water dissolve the mercurous 
chloride readily, converting it into mercuric chloride. Am- 
monia and potassa decompose mercurous chloride, separating 
from it, the former dimercurusammonium chloride, N H,Hg,Cl, 
the latter mercurous oxide. 

7. If a drop of a neutral or slightly acid solution is put on a 
clean and smooth surface of copper, and washed off after some 
time, the spot will afterwards, on being gently rubbed with 
cloth, paper, etc., appear white and lustrous like silver. The 
application of a gentle heat to the copper causes the metallic 
mercury precipitated on its surface to volatilize, and thus re- 
moves the apparent silvering. 

8. Stannous chloride produces a gray precipitate of METALLio 
MERCURY, Which may be united into globules by boiling the 
metallic deposit, after decanting the fluid, with hydrochloric 
acid, to which a little stannous chloride may also be added. 

9. If an intimate mixture of an anhydrous compound of mers 
eury with anhydrous sodium carbonate is introduced into a 
sealed glass tube, and covered with a layer of sodium carbonate, 
and the tube is then strongly heated, the mercurial compound 
invariably undergoes decomposition, and METALLIC MERCURY sep- 
arates, forming a coat of gray sublimate above the heated part 
of the tube. By means of a lens the sublimate will be seen to 
consist of globules of metal. . Larger globules may be obtained 
by rubbing the sublimate with a glass rod. 


§ 117. 
¢. Leap, Pb. 207. 


1. Meratiic teap is bluish-gray; its surface recently cut 
exhibits a metallic lustre ; it is soft, malleable, readily fusible ; 
it evaporates at a white heat. ‘used upon charcoal before the 
blowpipe it forms a coating of yellow oxide on the support. 
- Hydrochloric acid and moderately concentrated sulphuric acid 

act upon it but little, even with the aid of heat; but dilute 
_hitric acid dissolves it readily, more particularly on heating. 

2. Lzap monoxipe PbO is a yellow or reddish-yellow powder, 
_ looking brownish-red whilst hot, and fusible at a red heat. 
Lead Hydroxide Pb (OH), is white. Both the oxide and hy- 
_ droxide dissolve readily in nitric and acetic acids. Lap suB- 
_ oxtpy (Pb,O) is black, mintum (2 Pb O. Pb O,) is red, the so~ 
called sesquioxipn is light brown, the pioxipE is brown. They | 
are all of them converted into the monoxide by ignition in the 
air, The dioxide is not dissolved by heating with nitric acid, 
but it dissulves readily in that menstruum on addition of some 

alcohol. The solution contains lead nitrate Pb (N O,).. 

8. The nap satis are non-volatile; most of them are color- 
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less; the normal soluble salts redden litmus-paper, and are de 
composed at ared heat. If lead chloride is ignited in the air, 
part of it volatilizes, and leaves behind a mixture of lead oxide 
and lead chloride. In the lead salts Pb ie bivalent. 

4, Hydrogen sulphide and ammonium sulphide produce 
black precipitates of Leap suLpumDE (PbS), which are insoluble 
in cold dilute acids, in alkalies and alkali sulphides, and eyan- 
ides. Lead sulphide is decomposed by hot nitric acid. If the 
acid was dilute, the whole of the lead is obtained in solution as 
lead nitrate, and sulphur separates—if the acid was fuming, — 
the sulphur is also completely oxidized, and insoluble lead 
sulphate alone is obtained ;—if the acid was of medium concen- 
tration, both processes take place, a portion of the lead being 
obtained in solution as nitrate, whilst the remainder separates as 
sulphate, together with the unoxidized sulphur. In solutions 
of lead salts containing a large excess of a concentrated mineral 
acid, hydrogen sulphide produces a precipitate only after the 
addition of water or after partial neutralization of the free acid 
by an alkali. Ifa lead solution is precipitated by hydrogen 
sulphide in presence of a large quantity of free hydrochlorice 
acid, a red precipitate is occasionally formed, consisting of 
lead chloro-sulphide, which is however converted by an excess 
of hydrogen sulphide into black lead sulphide. 

5. Potassa, soda, and ammonia throw down HYDROXIDE MIXED WITH 
BASIC SALTS in the form of white precipitates, which are insoluble in am- 
monia, but soluble in potassa and soda. In solutions of lead acetate am- — 
monia (free from carbonate) does not immediately produce a precipitate, 
owing to the formation of a soluble lead di- or triacetate. 

6. Sodium carbonate throws down a white precipitate of BASIC LEAD CAR- 
BONATH, ¢.g., 2PbC Os. Pb (O H)s, which is not quite insoluble in a large — 


excess of the precipitant, especially on heating, but is insoluble in potas- 
sium cyanide. : 


7. iLydrochloric acid and soluble chlorides produce in con. — 
centrated solutions heavy white precipitates of LEAD CHLORIDE — 
(PbOl,), which are soluble in a large amount of water, espe- — 
cially upon application of heat. Lead chloride is converted by 
ammonia into lead oxychloride, Pb Cl,.8 PbO, which is also ~ 
a white powder, but almost absolutely insoluble in water. In _ 
dilute nitri¢ and hydrochloric acids lead chloride is more diffi- 
cultly soluble than in water. sha _ 

8. Sulphuric acid and sulphates produce white precipitates — 
of reap sutpuats (PbS O,), which are nearly insoluble in water 
and dilute acids. From dilute solutions, especially from such — 
as contain much free acid, the lead sulphate precipitates only — 
after some time, frequently only after a long time. It is ad- 
visable to add a considerable excess of dilute sulphuric acid, as 
this tends to increase the delicacy of the reaction, lead sulphate 
being more insoluble in dilute sulphuric acid than water. The 
separation of small quantities of lead sulphate is best effected, 
by evaporating, after the addition of the sulphuric acid, as far 
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as practicable on the water-bath, and then treat.ng the residue 
with water; or, if allowable, with alcohol. Lead sulphate is 
slightly soluble in concentrated nitric acid; it dissolves witk 
difficulty in boiling concentrated hydrochloric acid, but more 
readily in solution of potassa. It dissolves also pretty readily 
in the solutions of some ainmonium salts, particularly in solu- 
tion of ammonium acetate; dilute sulphuric acid precipitates 
it again from these solutions. 

9. Potassium chromate produces a yellow precipitate of 
LEAD CHROMATE (Pb Cr QO,), which is readily soluble in potassa, 
but diflicultly so in dilnte nitric acid. 

10. If a mixture of a compound of lead with sodiwm carbon- 
ate is exposed on a charcoal support to the reducing flame of 
the blowpipe, soft malleable MuraLLic GLOBULES OF LEAD are 

readily produced, the charcoal becoming covered at the same 
time with a yellow incrustation of Leap oxipr. The reduction 
may be also readily effected by means of the stick of charcoal. 

11. The metallie inerustation, obtained according to p. 28, 
is black with brown edge, the ¢ncrustation of ouide is light 
yellow ochre, the ¢ncrustation of iodide varies from the yellow 
of the lemon to that of the yolk of an egg, the enerustation of 
sulphide varies from brownish-red to black, and is not dis- 
solved by ammonium sulphide (Bunsen). 


§ 118. 


Recapitulation and remarks.—The metals of the first divi- 
sion of the fifth group are most distinctly characterized in their 


' chiorides; since the different reactions of these chlorides with 


water and ammonia afford us a simple means. both of detecting 
them and of effecting their separation from one another. For 
_ if the precipitate containing the three metallic chlorides is 
boiled with a somewhat large quantity of water, or boiling 
_ water is repeatedly poured over it on the filter, the lead chlo- 
_ ride dissolves, whilst the silver chloride and the mercurons 
_ chloride remain undissolved. If these two chlorides are then 
treated with ammonia, the mercurous chloride is converted into 
the black mercurous ammonium salt, insoluble in an excess of 
- ammonia, deseribed in § 116, 5, whilst the silver chloride dis- 
_ solves readily in ammonia, and precipitates from this solution 
_ again upon addition of nitric acid. (When operating upon 
- small quantities it is advisable first to expel the greater part of 
- the ammonia by heat.) In the aqueous solution of lead chloride 
_ the metal may be readily detected by sulphuric acid. 
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SECOND DIVISION: METALS WHICH ARE NOT PRECIPITATED BY 
HYDRUCHLORIC ACID. 


§ 119. 


a. Mercury 1x Mercurio Compounps. 


1. Mercurio Oxinz (Hg 0) is generally crystalline, and has a 
bright red color, which upon reduction to powder changes to a 
dull yellowish red; the oxide precipitated from solutions of 
mercuric nitrate or chloride forms a yellow powder. It is-not 
quite insoluble in water, it turns gray in the air. Upon ex- 
posure to heat it transiently acquires a deeper tint; at a dull 
red heat it is resolved into metallic mercury and oxygen. Both 
the crystalline and non-crystalline oxide dissolve readily in 
hydrochloric acid and in nitri¢ acid. 

2. The mercuric satts volatilize upon ignition; they suffer 
decomposition in this process; mercuric chloride, bromide, and 
iodide volatilize unaltered. On boiling a solution of the chlo- 
ride, some of the salt escapes with the steam. Most of the mer- 
curic salts are colorless. The soluble normal salts redden lit- 
mus-paper. The nitrate and sulphate are decomposed by a 
= quantity of water into soluble acid and insoluble basic 
salts. 

3. Addition of a very small quantity of hydrogen sulphide 
or ammonium sulphide produces, after shaking, a perfectly 
white precipitate. Addition of a somewhat larger quantity of 
these reagents causes the precipitate to acquire a yellow, orange, 
or brownish-red color; an excess of the precipitant produces a 
black precipitate of mERcuRIc suLPuIpE (Hg i This progres- 
sive variation of color from white to black, which depends on 
the proportion of the hydrogen sulphide or ammonium sul- 
phide added, distinguishes the mercuric salts from all other 
bedies. The white precipitate which forms at first consists of 
a double compound of mercuric sulphide with the still unde- 
composed portion of the mercuric salt (in a solution of mer- 
curic chloride, for instance, Hg Cl,. 2 HgS); the gradually 
increasing admixture of black sulphide causes the precipitate 
‘to pass through the several gradations of color above mentioned. 
Ammonium sulphide only dissolves the smallest traces of mer- 
euric sulphide; the least amount of mercury is dissolved 
when the precipitate is digested hot with yellow ammonium 
suiphide. Potassa and potassium cyanide do not dissolve 
mercuric sulphide, and it is entirely insoluble in hydrochlorie¢ 
and in nitric acid, even on boiling. By the very protracted 
action of hot concentrated nitric acid the precipitate is con- 
verted into a white body, consisting of 2 Te S. Hg WW O,), 


: 
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Potassium sulphide and sodium sulphide in the presence of 
potash or soda dissolve the precipitate completely, but it is in- 
soluble in potassium hydrosulphide, and in sodium hydrosul- 
phide. Aqua regia decomposes the precipitate and dissolves it 
with ease. In mercuric solutions containing a large excess of 
concentrated mineral acid, hydrogen sulphide produces a pre- 
cipitate only after the addition of water. 

4. Potassa added in small quantity produces in neutral or slightly acid 
solutions a reddish-brown precipitate, which acquires a yellow tint if the 
reagent isadded in excess. The reddish-brown precipitate is a BASIC SALT; 
the yellow precipitate consists of MERCURIC OxIDE (HgQO). An excess of 
the precipitant does not redissolve these precipitates. In very acid solu- 
tions this reaction does not take place at all, or at least,the precipitation ig 
very incomplete. In presence of ammonium salts potassa produces white 
precipitates. The precipitate thrown down by potassa from a solution of 
mercuric chloride containing an excess of ammonium chloride is of analo- 
gous composition to the precipitate produced by ammonia (see 5). 

5. Ammonia produces white precipitates quite analogous to those pro- 
duced by potassa in presence of ammonium chloride; thus, for instance, 
ammonia precipitates from solutions of mercuric chloride a MERCURAM- 
MONIUM CHLORIDE (N H2Hg Cl). 

6. Stannous chloride added in small quantity to solution of 
mercuric chloride, or to solutions of mercuric salts in presence 
of hydrochloric acid, throws down mrrcurows cnLoripk (2 Hg Cl, 
+ Sn Cl,= Hg,Cl,+ Sn Cl,). By addition of a larger quantity 
of the reagent the precipitated mercurous chloride is reduced 
to meTaL (Hg,Cl,+ Sn Cl,= Hg,+SnCl,). The precipitate, 
which was white at first, acquires therefore now a gray tint, and 
may, after it has subsided, be readily united into globules of 
metallic mercury by boiling with hydrochloric acid and a little 
stannous chloride. 

7. If a little galvanic element, made out of a slip of platinum 
foil and a slip of tinfoil, joined at one end with a wooden 
clamp, but otherwise apart from each other, is introduced inte a 
mercuric solution acidified with hydrochloric acid, all the mer- 
eury will gradually be precipitated by preference upon the 
platinum. On removing the foils, drying and heating strongly 
in a glass tube, globules of mercury will be obtained, which 
may be more distinctly seen under the microscope. On heating 
this mercury with a aanagti of iodine, it will be converted 
into red mercuric iodide (Van pen Broxr). 

8. Mercurie salts show the same reaction as mercurous salts 
with metallic copper and when heated with sodwwm carbonate 
in a glass tube. 


§ 120. 
6. Copprr,* Cu., 63°4. 


1. Merattic copper has a peculiar red color, and a strong 
lustre ; it is moderately hard, malleable, rather difficultly fusi- 


* In the cuprous compounds Cu,; in the cupric salts Cu is bivalent. 
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ble; in contact with water and air it becomes covered with a 
green crust of basic cupric carbonate; upon ignition in the air 
it becomes coated over with cuprous oxide and cupric oxide. 
In hydrochloric acid and dilute sulphuric acid it is insoluble 
or nearly so, even upon boiling. Nitric acid dissolves the 
metal readily. Concentrated sulphuric acid converts it into 
cupric sulphate, with evolution of sulphur dioxide. 

2. Cuprous oxine (Cu,0) is red, cuprous n1yDRoxIDE (Cu,(OH),) 
is yellow; both change to cupric oxide upon ignition in the air. . 
On treating cuprous oxide with dilute sulphuric acid metallic 
copper separates, whilst cupric sulphate dissolves ; on treating 
cuprous oxide with hydrochloric acid white cuprous chloride is 
formed, which dissolves in an excess of the acid, but is repre- 
cipitated from this solution by water. ; 

3. Cuprico oxipE is a black powder; CUPRIC HYDROXIDE 
(Cu (O Td),), is of a light blue color. Both dissolve readily in 
hydrochloric, sulphuric, and nitrie acids. 

4, Most of the normal cupric sats are soluble in water; the 
soluble salts redden litmus, and suffer decomposition when 
heated to gentle redness, with the exception of the sulphate, 
which can bear a somewhat higher temperature. They are 
usually white in the anhydrous state; the hydrated salts are 
usually of a blue or green color, which their solutions continue 
to exhibit even when much diluted. 

5. Hydrogen sulphide and ammonium sulphide produce in 
alkaline, neutral, and acid solutions brownish-black precipitates 
of CUPRIO SULPHIDE, Ou. This sulphide is insoluble in dilute 
acids and caustic alkalies. Hot solutions of potassium sulphide 
and sodium sulphide fail also to dissolve it or dissolve it only 
to a very trifling extent; but it is a little more soluble in am- 
monium sulphide, especially when yellow and hot. [Yellow 
ammonium sulphide produces in the cold a red-brown or red 
precipitate, Cu,(N H,),S,, which dissolves completely in an ex- 
cess of the reagent, but is almost perfectly precipitated as black 
sulphide when the solution is heated to boiling.] The latter 
reagent is therefore not well adapted to effect the perfect — 
separation of cupric sulphide from other metallic sulphides. — 
Cupric sulphide is readily decomposed and dissolved by boiling — 
nitric acid, but it remains altogether unaffected by boiling — 
dilute sulphuric acid. It dissolves completely in solution of 
potassium cyanide. In solutions of cupric salts which contain 
a very large excess of a concentrated mineral acid, hydrogen 
sulphide produces a precipitate only after the addition of — 
water. a 


6. Potassa or soda produces a light blue bulky precipitate of cupRIc — 
HYDROXIDE (Cu(OH):). If the solution is highly concentrated, and the — 
precipitant is added in excess, the precipitate turns black after the lapse ot 
some time, and loses its bulkiness, even in the cold, from conversion into — 
cupric oxide, but the change takes place immediately if the precipitate — 
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is boiled with the fluid in which it is suspended. Cu (O H): = 
CuO + H,0 ; j 

7. Sodium carbonate produces a greenish-blue precipitate of BASIC CUPRIC 
_ CARBONATE (Cu C Os. Cu(OH)2), which upon boiling changes to cupric 
oxide, and dissolves in ammonia to an azure-blue, and in potassi:m cyar- 
_ tde to a colorless fluid. 


; * 

_ _ 8. Ammonia added in small quantity to solutions of normal 
_ cupric salts produces a greenish-blue precipitate, consisting of 
_ aBasic cupric satr. This precipitate redissolves readily upon 
- further addition of ammonia to a perfectly clear fluid of a 
' magnificent azure-blue, which owes its color to the formation 
Of 2 CUPRODIAMMONIUM SALT. Thus, for instance, in a solution of 
- cupric sulphate excess of ammonia produces (N,H,Cu) 8 O,. 
- In solutions containing a certain amount of free acid ammonia 
_ produces no precipitate, but this azure-blue coloration makes 
' its appearance the instant the ammonia predominates. 
_ The blue color ceases to be perceptible only in very dilute 
solutions. Potassa produces in such blue solutions in the cold, 
' after the lapse of some time, a precipitate of blue cupric 
~ hydroxide ; but upon boiling the fluid this reagent precipitates 
' the whole of the copper as black cupric oxide. Ammonium 
carbonate shows the saine reaction as ammonia. 

_ NB. In the presence of non-volatile organic acids the eupric 
salts are not precipitated by caustic or carbonated alkalies, the 
“resulting solutions having a deep blue color. In presence of 
‘sugar or similar organic substances caustic alkalies produce 
recipitates which are soluble in excess of the precipitants ; so- 
um carbonate, however, produces a permanent precipitate. 

| 9. Potassium ferrocyanide produces in moderately dilute 
solutions a reddish-brown precipitate of cupric reRRocyANDDE 
'Ca, Fe (C N),, insoluble in dilute acids, but decomposed by 
‘potassa. In very highly dilute solutions the reagent merely 
_ produces a reddish coloration. 

10. If the solution of a cupric salt is mixed with sulphurous 
“acid or with hydrochloric acid and sodium sulphite, and potas- 
m sulphocyanate is then added, cupRous sULPHOCYANATE 
Cu, (CN §), is thrown down. The precipitate is white, and is 
practically insoluble in water and dilute acids. Sede 

11. Metallic iron when brought into contact with concen- 
uted solutions of salts of copper is almost immediately cov- 
ed with a coating of MeraLiic CopreR; very dilute solutions 
roduce this coating only after some time. Presence of a lit- 
le free acid accelerates the reaction. If a fluid containing 
per and a little free hydrochloric acid is poured into a pla- 
um capsule (the lid of a platinum crucible), and a small 
ce of zinc is introduced, the bright platinum surface speed- 
y becomes covered with a coaTING oF CcopPpER ; even with very 
ilnte solutions this coating is clearly discernible. If a piece 
on wire is inserted into a spiral formed from a rather stout 
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platinum wire, and the whole is then placed in a slightly avid- 
ified solution of copper, the platinum wire will after some time 
be found to be coated with copper. 

12. If a mixture of a compound of copper with sodiwm car 
bonate is exposed on a charcoal support to the inner flame of 
the blowpipe, METALLIC COPPER is obtained, withoyt incrustation 
of the charcoal. The reduction may be also very conveniently 
effected in the stick of charcoal (p. 27). The best method of 
freeing the copper from the particles of charcoal is to triturate 
the fused mass in a small inortar with water, and to cautiously 
wash off the charcoal powder, when the copper-red metallic 
particles will be left behind. 

13. If copper, or some alloy containing copper, or a trace of 
a salt of copper, or even simply the loop of a platinum wire 
dipped in a highly dilute copper solution, is introduced into 
the fusing zone of the gas flame, or exposed to the inner low- 
pipe flame, the upper or outer portion of the flame shows a 
magnificent emerald-green tint. Addition of hydrochlorie acid 
to the sample considerably heightens the beauty and delicacy 
of this reaction, The flame then has an azure color. 

14. Borax readily dissolves oxides of copper in the outer 
gas or blowpipe-flame.- The beads are green while hot, blue 
when cold. In the inner flame the bead is colorless unless a 
very large quantity of copper is presept; .when cold it is red 
and opaque. In the lower reducing flame of the Bunsen gas 
flame the bead does not become red-brown until the addition 
of stannic oxide, when this change rapidly takes place, owing to 
the production of cuprous oxide. If the bead is introduced 
alternately into the lower oxidizing zone and the lower reducing 
zone, it becomes ruby red and transparent. 


§ 121. 


c. Bismurn®, Bi., 210. 


1. Bismuru has a reddish tin-white color and moderate me- — 
tallic lustre; it is of medium hardness, brittle, readily fusible; — 


fused upon a charcoal support it forms an incrustation of yel- 
low trioxide, Bi, O,. It dissolves readily in nitric acid, but is 
nearly insoluble in hydrochloric acid and altogether so in 


dilute sulphuric acid. Concentrated sulphuric acid converts it 


into bismuth sulphate with evolution of sulphur dioxide. 


2. Bismurs rri0xipe (Bismuthous oxide) is a yellow powder, 


which transiently acqnires a deeper tint when heated. It fuses 


* In all its common compounds bismuth is trivalent; insome it is appa- 
In bismuth | 


rently bivalent, but in fact trivalent, ¢.7., Bi, Cl, or, ti- a 
| 2 


pentoxide it is quinquivalent. 
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at a red heat. Bismuth hydroxide, Bi O OH, is white. Both 
the trioxide and hydroxide dissolve readily in hydrochloric, sul- 
phuric, and nitric acids, yielding the bismuth salts. The gray- 
ish-black proxipr, Bi, O,, and the red penroxing, Bi, O,, are con- 
verted into trioxide by ignition in the air. By heating with 
nitric acid they are converted into bismuth nitrate. 

3. Most of the nismurH sats are non-volatile and are decom- 
posed at a red heat. Bismuth trichloride is volatile. The bis- 
muth salts are colorless or white; some of them are soluble in 
water, others insoluble. The soluble salts redden litmus-paper ; 
they are decomposed by a large quantity of water into insoluble 
basic salts, which separate, whilst the greater portion of the 
acid remains in solution together with some bismuth. 

4. Hydrogen sulphide and ammonium sulphide produce in 
bismuth solutions black precipitates of Bismurn TRISULPHIDE, 
Bi, $,, which is insoluble in dilute acids, alkalies, alkali sul- 
phides, and potassium cyanide, but is readily decomposed and 
dissolved by boiling nitric acid. In solutions of salts of. bis 
muth which contain a very.considerable excess of hydrochloric 
or nitric acid, hydrogen sulphide produces a precipitate only 
after the addition of water. 

5. Potassa and ammonia throw down BISMUTH HYDROXIDE, 
Bi O O H, as a white precipitate, which is insoluble in an ex- 
cess of the precipitant. 

6. Sodium carbonate and ammonium carbonate throw down BASIC BIS- 
MUTH CARBONATE (Bi:O2 C Os) as a white bulky precipitate, which is in- 
soluble in excess of the precipitant, and in potassium cyanide. Warming 
assists the precipitation. 

7. Potassium dichromate precipitates BISMUTH CHROMATE, 
Bi, (Cr O,), as a yellow powder. This substance differs from 
lead chromate in being readily soluble in dilute nitric acid and 
insoluble in potassa. 

8. Dilute sulphurie acid fails to precipitate moderately dilute 
solutions of bismuth nitrate. On evaporating with an excess. 
of sulphuric acid on the water-bath to dryness, a white saline 
mass of bismuth trisulphate Bi,(SO,),* is left, which always dis- 
_ solves readily to a clear fluid in water acidified with sulphuric 
acid (characteristic difference between bismuth and lead). After 
long standing (several days occasionally) bismuth disulphate,, 
‘Bi (Bi O) 28 O, + 3 H, Of, separates from this solution in 
white microscopic needle-shaped crystals, which dissolve in. 
nitric acid. 

9. The reaction which characterizes the bismuth more par- 
ticularly is the decomposition of its normal or triacid salts by 
water, which is attended with separation of insoluble basic 
salts. The addition of a large amount of water to solutions of 


| ev ,et = ees 
> 5 > 
Bi=80, Bi= 50, 
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bismuth salts causes the immediate formation of a dazzlin 
white precipitate, provided there be not too much free acid 
present. if the basic or disulphate above mentioned (8), be 
treated with much water, it is converted into the more basic 
monosulphate (Bi O),S O, + H,O*. This reaction is the 
most sensitive with bismuth trichloride, as the BAsic BismuTII 
CHLORIDE or oxychloride, Bi O Cl is almost absolutely insoluble 
in water. Where water fails to precipitate nitric acid solutions 
of bismuth, owing to the presence of too much free acid, a 
precipitate will almost invariably make its spreae imme- 
diately upon addition of solution of sodium chloride or ammo- 
nium chloride. Presence of tartaric acid does not interfere 
with the precipitation of bismuth by water. 

10. On mixing a solution of bismuth with an excess of solu- 
tion of stannous chloride in potassa or soda, a black precipi- 
tate of bismuth dioxide will fall. This is a very characteristic 
and delicate reaction. 

11. If a mixture of a compound of bismuth with sodium 
carbonate is exposed on a charcoal support to the reducing 
Jjiame, brittle GLOBULES OF BIsMUTH are obtained, which fly into 
pieces under the stroke of a hammer. The charcval becomes 
covered at the same time with a slight incrustation of BismuTH 
TRIOXIDE, which is orange-colored whilst hot, yellow when cold. 
The reduction may be also conveniently effected in. the stick 
of charcoal (p. 27). On triturating tke end of the charcoal 
stick containing the reduced metal, yellowish spangles will be — 
obtained. 

12. Bismuth compound, even in minute quantities, when heat- 
ed on charcoal in the blowpipe flame, with a mixture of equal 
parts of sulphur and potassium iodide, yield a very volatile in- 
tensely scarlet sublimate of Bismurn toprpE (V. Kopert), | 

13. The metallic incrustation, obtained according to p. 28, 
is black with a brown edge. The tncrustation of oxide is yel- 
lowish white ; it isturned black by stannous chloride and soda, 
see 10 (difference from the lead incrustation). The tnerusta- 
tion of codide is bluish-brown with red edge. The incrusta- 
tion of sulphide is umber-colored with coffee-colored edge, not 
dissolved by ammonium sulphide (Bunsxn). 


§ 122. 
d. Capmium, Cd., 112. 


1. Meratiic capmium has a tin-white color; it is lustrous, 
not very hard, malleable; it fuses at a temperature below red 


Day ey 
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heat, and volatilizes at a temperature somewhat above the boil- 
ing point of mercury, and may therefore easily be sublimed in 
a glass tube. Heated on charcoal before the blowpipe it takes 
fire and burns, emitting brown fumes of cadmium oxide, which 
form a coating on the charcoal. Hydrochloric acid and dilute © 
sulphuric acid dissolve it, with evolution of hydrogen; but 
nitric acid dissolves it most readily. . 

2. Capmium oxips, Cd O, is a brown, fixed powder ; its Hy- 
proxwwr, Cd (O H),, is white. Both dissolve readily in hydro- 
chloric, nitric, and sulphuric acids. 

8. The capmium satts are colorless or white; some of them 
are soluble in water. The soluble normal salts redden litmus- 
paper, and are decomposed at a red heat. 

4. Hydrogen sulphide and ammonium sulphide produce in 
alkaline, neutral, and acid solutions, bright yellow precipitates 
of capMium suLpHipE (Cd§), which are insoluble in dilute 
acids, alkalies, alkali sulphides, and potassium. cyanide (differ- 
ence from copper). They are readily decomposed and dis- 
solved by boiling nitric acid, as well as by boiling hydrochloric 
acid and by boiling dilute sulphuric acid (difference from cop- 
per). In solutions of cadmium containing a large excess of 
acid, hydrogen sulphide produces a precipitate only after dilu- 
tion with water. 


_§. Potassa and soda produce white precipitates of CADMIUM HYDROXIDE 
Cd (O H):; which are insoluble in an excess of the precipitants. 


6. Ammonia likewise precipitates white capMIUM HYDROX- 
IE which, however, redissolves readily and completely to a col- 
orless fluid in an excess of the precipitant. 


% Sodium carbonate and ammonium carbonate produce white precipitates 
of CADMIUM CARBONATE (Cd C Os) which are insoluble in an excess of the 
precipitants. The presence of ammonium salts impedes the precipitation ; 
free ammonia prevents it. The precipitate is readily soluble in potassium 
cyanide. It takes some time to separate from dilute solutions; warming 
assists the separation greatly. 

8. Potassium sulphocyanate does not throw down solutions of cadmium, 
even after the addition of sulphurous acid (difference from copper). 


9. If a mixture of a compound of cadmium with sodiwm 
carbonate is exposed on a charcoal support to the reducing 
flame, the charcoal. becomes covered with a brownish yellow 
coating of cADMIUM oxIDE, owing to the instant yolatilization 
of the reduced metal and its subsequent reoxidation in passing 
through the oxidizing flame. The coating is seen most dis- 
tinctly after cooling. 

10. The metallic incrustation, obtained according to p. 28, is 
black with brown edge. The incrustation of eats is brown- 
ish black, the edge passing from brown to white. The énerus- 
tation of iodide is wllite. The incrustation of sulphide is lemon 
yellow, not dissolved by ammonium sulphide (Bunszn.) 
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§ 123. 


Recapitulation and remarks.—Vhe perfect separation of 
the metals of the second division of the fifth group from silver 
and mercurous salts may, as already stated, be effected by 
means of hydrochloric acid; but this agent fails to separate. 
them completely from lead. Traces of mercuric salt, which are 
at first retained by the precipitated silver chloride by surface 
attraction, are dissolved out completely by washing (G. J. Mut- 
DER). Merrcuric compounds are distinguished from compounds 
of the other metals of this division by the insolubility of mer- 
curie sulphide in boiling nitric acid. This property affords a 
convenient means for their separation.. Care must always be 
taken to free the sulphides completely by washing. from all 
traces of hydrochloric acid ora chloride that may happen to, 
be present, before proceeding to boil them with nitric acid. 
Moreover, the reactions with stannous chloride or with metallic. 
copper, as well as those in the dry way, will, after the previous 
removal of mercurous chloride, always readily. indicate the. 
presence of mercuric compounds. When the moist way is 
chosen, the mercuric sulphide is dissolved most conveniently by. 
heating with hydrochloric acid and a crystal of potassium chlo- 
rate. 

From the remaining metals Leap is separated by sulphuric 
acid. The separation is the most complete if the fluid, after 
addition. of dilute sulphuric acid in excess, is evaporated on the 
water-bath, the residue diluted with water, slightly acidified 
with sulphuric acid, and the undissolved lead se filtered, 
off immediately. The lead sulphate may be further examined 
in the dry way by the reaction described in § 117, 10, or also 
as follows:—Pour over a small portion of the lead sulphate a 
little of a solution of potassiuin chromate, and apply heat which 
will convert the white precipitate into yellow lead chromate. 
Wash this, add a little solution of potassa or soda, and heat ; 
the precipitate will now dissolve to a clear fluid; by acidifying 
this fluid with acetic acid, a yellow precipitate of lead chromate 
will again be produced. After the removal of mercury and 
lead, BismurH may be separated from copper and cadmium by 
addition of ammonia in excess, as the hydroxides of the lat- 
ter two metals are soluble in an excess of this agent. If the 
ats Ged after being filtered off, is dissolved in one or two. 

rops of hydrochloric acid on a watch-glass, and water added, 
the appearance of a milky turbidity is a confirmation of the 
presence of bismuth. The presence of a notable quantity of 
COPPER is revealed by the blue color of the ammoniacal solution; 
smaller quantities are detected by evaporating the ammoniacal 
solution nearly to dryness, adding a little acetic acid, and then 
potassium ferrocyanide. The separation of copper from cap. 
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mivM may be effected by evaporating the ammoniacal solution 
to a small bulk, acidifying with hydrochloric acid, adding a 
little sulphurous acid and potassium sulphocyanate, filtering off _ 
the cuprous sulphocyanate, and precipitating the cadmium in 
the filtrate by hydrogen sulphide (an unnecessarily large excess 
of sulphurous acid must of course be avoided). The separation 
of PORE’ from cadmium may also be effected by acting on the 
sulphides with potassium cyanide or with boiling dilute sulphu- 
ric acid (5 parts of water to 1 part of concentrated acid). In 
the two latter methods the solution of the copper and cadmium 
is precipitated by hydrogen sulphide, and the precipitate sepa- 
rated from the fluid by decantation or filtration. bn treating 
the precipitate now with some water and a small lump of 
potassium cyanide, the cupric sulphide will dissolve, leaving 
the yellow cadmium sulphide undissolved. By boiling the pre- 
cipitate of the mixed sulphides, on the other hand, with dilute 
sulphuric acid, the cupric sulphide remains undissolved, whilst 
the cadmium sulphide is obtained in solution. Hydrogen 
sulphide will therefore now throw down from the filtrate yel- 
low cadmium sulphide (A. W. Hormann). 


Special Reactions of the rarer Metals of the Fifth Group, 


§ 124. 
a. Pauuapium, Pd., 106°6. 


Pat.aprum is found in the metallic state, uccasionally alloyed with gold 
and silver, but more particularly in platinum ores. It greatly resembles 
platinum, but is somewhat darker in color. It fuses with great difficulty. 
Heated in the air to dull redness it becomes covered with a blue film; but 
it recovers its light color and metallic lustre upon more intense ignition. 
It is sparingly soluble in pure nitric acid, but dissolves somewhat more 
readily in nitric acid containing nitrous acid; it dissolves very sparingly 
in boiling concentrated sulphuric acid, but it is soluble in fusing sodium 
disulphate, and readily soluble in nitrohydrochloric acid. There are three 
oxides, the suboxide (Pd.O), the monoxide (PdO), and the dioxide 
(Pd O.). PALLADIUM MONOXIDE is black, the corresponding hydroxide 
dark brown; both are decomposed by intense ignition, leaving a residue of 
metullic palladium. PatLaprum Diox1DE is black; by heating with dilute 
hydrochloric acid it is dissolved to palladious chloride (Pd Cl), with evo- 
lution of chlorine. The PALLADIOUS saLTs are mostly soluble in water; 
they are brown or reddish-brown; their concentrated solutions are reddish- 
brown, their dilute solutions yellow. Water precipitates from a solution 
of palladious nitrate containing a slight excess of acid a brown basic salt. 
The oxysalts, as well as palladious chloride, are decomposed by ignition, 
leaying metallic palladium behind. Hydrogen sulphide and ammonium 
sulphide throw down from acid or neutral solutions black palladious 
sulphide, which does not dissolve in ammonium sulphide, but is soluble in 
boiling hydrochloric acid, and readily soluble in nitrohydrochloric acid. 
From the solution of palladious chloride potassa precipitates a brown basic 
salt, soluble in an excess of the precipitant; ammonia, flesh-colored am- 
monio-palladium chloride (Pd Cls. 2 N H,) soluble in excess of ammonia 
to a colorless fluid, from which hydrochloric acid throws down yellow 
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crystalline. palladammonium chloride (N:Pd TicCl:). Mercurie cyanide 
throws down yellowish-white palladious cyanide as a gelatinous precipi- 
tate, slightly soluble in hydrochloric acid, readily soluble in ammonia 
(especially characteristic). Stannic chloride produces, in absence of free 
hydrochloric acid, a brownish-black precipitate ; in presence of free hydro- 
chlorie acid, a red-colored solution, which speedily turns brown and ulti- 
mately green, and upon addition of water brownish-red. Ferrous sulphate 
‘produces a deposit of palladium on the sides of the glass. Potassium iodide 
precipitates black palladious iodide (very characteristic). Potassium chlo- 
vide precipitates from highly concentrated solutions potassium palladious 
chloride (2K Cl. Pd Cl:), in the form of golden-yellow needles, which dis- 
solve readily in water to a dark red fluid, but are insoluble in absolute 
alcohol. Potassium nitrite produces in not too dilute solutions a yellowish, 
crystalline precipitate which becomes reddish on long standing and is solu- 
ble in much water. Potassium sulphocyanate does not precipitate palladi- 
um, even after the addition of salphurous acid (difference from copper, 
and best means of separating from the same). On treatment with sodiwm 
_carbonate in the upper oxidizing flame (p. 26) all the compounds of pal- 
ladium yield a gray metallic sponge. f 


bd. Ruoprum, Rh. 104-4. 


Ruoprvm is found in small quantity in platinum ores. It is almost silver 
white, very malleable, and difficultly fusible. When prepared in the wet 
way it is a gray powder. The powder when ignited in the air absorbs 
oxygen, which it gives up again upon stronger ignition. Rhodium is in- 
soluble in all acids; it dissolves in aqua regia only when alloyed with 
platinum, copper, etc., and not when alloyed with gold or silver. Fus- 
ing metaphosphoric acid and fusing- potassium disulphate dissolve it, 
forming a rhodic salt.. There are four oxides: the monoxide (RhO), 
rhodic oxide (Rh2O;) (base of the salts), dioxide (Rh O.), and trioxide 
(Rh Os) (a weak acid). Ruopic oxte is gray, it. yields a yellow 
‘and a brownish-black hydroxide; it is insoluble in acids, but dissolves in 
‘fusing metaphosphoric acid and in fusing sodium disulphate. The soln- 
‘tions are rose-colored. Sulphuretted hydrogen and ammonium sulphide pre- 
cipitate in time, especially when assisted by heat, brown rhodic sulphide, 
which is insoluble in ammonium sulphide, but dissolves in boiling nitric 
acid. Potassa, if added in not too large excess, throws down at once yel- 
low Rh (O H); H.O, which is soluble in excess of the precipitant at the 
ordinary temperature; on boiling the solution, blackish-brown Rh (O H)s 
is precipitated. In a solution of rhodic chloride, potassa at first produces 
no precipitates, but, on addition of alcohol, black Rh (O H)s separates soon 
(CLaus). -Ammonia produces after some time a yellow precipitate, soluble 
in hydrochloric acid. Zine precipitates black metallic rhodium. On heat- 
ing with potassium nitrite, rhodic chloride becomes yellow, and an orange- 
yellow precipitate is formed, which is slightly soluble m hydrochloric acid ; 
at the same time another portion of the rhodium is converted into a yellow 
salt, which remains in solution and is precipitated by alcohol (Grass). All 
‘solid compounds of rhodium, on ignition in hydrogen, or on ignition on a 
platinum wire with sodiwm carbonate in the upper oxidizing flame, yield 
the metal, which is well characterized by its insolubility in aqua regia, its 
solubility in fusing potassium disulphate and the behavior of its solution 
to potassa and alcohol. 


c. Osmium. Os., 199°2. 


__ Osmrum is found in platinum ores as a native alloy of osmium and irt 
jium. It is generally obtained as a black powder, or gray and with me 
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tallic lustre; it is infusible. The metal, the Hyro-osmrous oxipE (Os O), 
and the osMiv oxrpDE (Os Oz) oxidize readily when heated to redness in the 
air, and give OSMIUM TETROXIDE (Os 0,), which volatilizes and makes its 
presence speedily known by its peculiar exceedingly irritating and offen- 
sive smell, resembling that of chlorine and iodine (highly characteristic). 
If a little osmium on a strip of platinum foil is held in the outer mantle of 
a gas or alcohol flame, at half height, the flame becomes most strikingly lu- 
minous. Even minute traces of osmium may by this reaction be detected 
in alloys of iridium and osmium; but the reaction is in that case only mo- 
mentary; it may however be reproduced by holding the sample first in the 
reducing flame, then again in the outer mantle. Nitric acid, more particu- 
larly red fuming nitric acid, and aqua regia dissolve osmium to tetroxide. 


Application of heat promotes the solution, which is however attended in 


that case with volatilization of tetroxide. Very intensely ignited osmium 
is insoluble in acids. On fusing with potassium nitrate and distilling tie 
fused mass with nitric acid, osmium tetroxide is found in the distillate. 
By heating osmium in dry chlorine free from air, first bluish-black nyPo- 
OSMIOUS CHLORIDE (Os Cl.) is formed, but always only in small quantity, 
then the more volatile and red osmMic CHLORIDE (Os Cli); if moist chlo 
rine is used, a green mixture of both chlorides is formed. The hypo-osmi- 
ous chloride dissolves with a blue color, the osmic chloride with a yellow 
color, and both together with a green color, which turns red. The solu- 
tions are soon decomposed, osmium tetroxide, hydrochloric acid, and a 
mixture of hypo-osmious and osmic oxides being formed, the mixed ox- 
ides separating as a black powder. On heating a mixture of powder of 


-osmiuin, or of osmium sulphide and potassium chloride in chlorine, a dou- 


ble salt of POTASSIUM HYPO-OSMIOUS CHLORIDE is produced in the form of 
octahedra, which are slightly soluble in water and insoluble in alcohol. 
The solution of this double salt is more permanent than that of the hypo- 
osmious chloride. Potassa decolorizes the solution; on boiling, bluish- 
black osmic HYDROXIDE Os (OH), separates. On fusing the double chlo- 
ride with sodium carbonate, dark gray osMIC OXIDE separates. Osmium 
tetroxide is white,. crystalline, fusible at a gentle heat, and boils at about 
100°; the fumes attack the nose and eyes powerfuily. Heated with water, 
it fuses and dissolves, but slowly. The solution has an irritating, unpleas- 
ant smell. Alkalies color the solution yellow in consequence of the forma- 
tion of osmites, (¢.g., Ke Os Os. 2 Hz O); on distilling, the greater part of 
the osmium passes over as tetroxide (very characteristic), the 1emainder 
gives off oxygen, leaving an osmite, or on boiling, splits into osmium 
tetroxide, osmic oxide, and potassa. Osmium tetroxide decolorizes indigo 
solution, separates iodine from potassium iodide, converts alcohol into alde- 
hyde and acetic acid. Potassium nitrite readily reduces it to potassium 
osmite. Hydrogen sulphide precipitates brownish-black sulphide, which 
only separates when a strong acid is present ; the precipitate is insoluble in 
ammonium sulphide. Sodium sulphite produces a deep violet coloration, 
and dark-blue hypo-osmious sulphite gradually separates, ‘especially on 
evaporating or warming with sodium sulphate or carbonate. Herrous sul- 


- phate produces a black precipitate of osmic oxide. Stannous chloride pro- 


duces a brown precipitate, soluble in hydrochloric acid te a brown 
fluid. Zine and many metals in the presence of a strong acid precipitate 
metallic osmium. All the compounds of osmium yield the metal on ig- 
nition in a current of hydrogen. 


d. RutHentum. Ru., 104°4. 


- Rorwentvm is found in small quantity in platinum ores. It is a gray- 
ish-white, brittle, and very difficultly fusible metal. It is barely acted 
upon by aqua regia; fusing sodium disulphate fails altogether to affect it. 
By ignition in the air it is converted into bluish-black ruthenious oxide, 
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Rus Os, insoluble in acids; by ignition with potassium chloride in a cur- 
rent of chlorine gas into potassium ruthenious chloride, by fusion with po- 
tussiuim nitrate, with potassa, or with potassium chlorate into potassium 
ruthenate, Ke Ru O.. The fused mass obtained in, the latter case is green- 
ish-black, and dissolves to an orange-colored fluid, which tinges the skin 
black, from-separation of black oxide. Acids throw down from the solu- 
tion black RUTHENIOUS OxIDE, which dissolves in hydrochloric acid to an 
orange-yellow fluid containing RUTHENIOUS CHLORIDE, Rus Cls. This so- 
lution is resolved by heat into hydrochloric acid and ruthenious oxide. In 
a concentrated state it gives with potassium chloride and ammonium 
chloride crystalline glossy-violet precipitates (e.g., potassium ruthenious 
chloride, Ruz Cle 4 K Cl), which on boiling with water deposit a black 
oxychloride. Potassa precipitates black ruthenious hydroxide, Ru(O H)s, 
which is insoluble in alkalies, but dissolves in acids. Hydrogen sulphide 
causes at first no alteration; but after some time the fluid acquires an 
azure-blue tint, and deposits brown ruthenium sulphide (very characteris- 
tic). Ammonium sulphide produces brownish-black precipitates, barely 
soluble jn an excess of the precipitant. Potassiwm sulphocyanate produces 
—in the absence of other metals of the platinum ores—after some time a 
red coloration, which gradually changes to purple-red, and upon heating 
to a fine violet tint (very characteristic). Zine produces at first an azure- 
blue coloration, which subsequently disappears, ruthenium being depos- 
ited at the same time in the metallic state. Potassiwm nitrite colors the 
solution yellow, with the formation of a double salt, which is readily sol- 
uble in water and alcohol. The alkaline solution of this double salt, when 
mixed with a little colorless ammonium sulphide turns crimson (charac- 
teristic); on the addition of more ammonium sulphide, ruthenium sul- 
phide is precipitated. 


§ 135. 
SIXTH GROUP. 


More common elements: Gop, Piarmum, Tix, Anrmony, 
ARSENIO. 

Rarer elements.—Irinium, Motyspenum, Tunesten, TELLUR- 
1uM, SELENIUM. 

The higher hydroxides of the elements belonging to the 
sixth group have all of them more or less strongly pronounced 
acid characters. But we class them here, as they cannot well 
be separated from the lower oxides and hydroxides of the 
same elements, to which they are very closely allied in their 
reactions with hydrogen sulphide. 

Properties of the group.—The sulphides of the elements of 


the sixth group are insoluble in dilute avids. These sulphides — 


combine with alkali sulphides (either immediately, or with the 
aid of sulphur) to soluble sulphur salts, in which they take the 
part of the acid. Hydrogen sulphide precipitates these ele- 
ments therefore, like those of the fifth group, completely from 
acidified solutions. The precipitated ets te es differ, however, 
from those of the fifth group in this, that they dissolve in am- 
monium sulphide, potassium sulphide, etc., and are reprecipi- 
tated from these solutions by addition of acids. 


| 
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We divide the more common metals of this group into twc 
classes, and distinguish, 

1. Merats WHOSE SULPAIDES ARE INSOLUBLE IN HYDROCHLORIC 
ACID AND IN NITRIC ACID, and are reduced to the metallic state 
upon fusion with sodium nitrate and carbonate, viz., @oLp and 
PLATINUM. 

2.—MuraLs WHOSE SULPHIDES ARE SOLUBLE IN BOILING HYDRO- 
CHLORIC ACID OR NITRIC AcID, and are upon fusion with sodium 
nitrate and carbonate converted into sodium salts: viz., ANTI- 
MONY, TIN, and ARSENIC. 


FIRST DIVISION. 


Special Reactions. 


§ 126. 
a. Gotp, Au. 197. 


1. Merattic corp has a reddish-yellow color and «a high 
metallic lustre: it is rather soft, exceedingly malleable, ditft- 
cultly fusible: it does not oxidize upon ignition in the air, and 
is insoluble in hydrochloric, nitric, and sulphuric acids; but it 
dissolves in fluids containing or evolving chlorine, e. g., in 
in nitrohydrochlorice acid. The solution contains auric chlo- 
ride, Au Cl, : 

2. Avric oxipe (Au, O,) is a blackish-brown powder, Aurio 
HYDROXIDE (AuRIC Actp) Au (OL), is a chestnut-brown pow- 
der. Both are reduced by light and heat, and dissolve readily 
in hydrochloric acid, but not in dilute oxygen acids. Concen- 
trated nitric and sulphuric acids dissolve a little auric oxide ; 
water reprecipitates it from these solutions; auric hydroxide 
dissolves in potassa with formation of potassium aurate, 
K Au O,+3 H, O. Avrovus oxipr, Au,O, is violet black; it is 
decomposed by heat into gold and oxygen. — 

3. Oxyern saurs of gold are nearly unknown. The nALom 
sa.rs are yellow, and their solutions exhibit this color at a high 
degree of dilution. The whole of them are readily decomposed 
by ignition. Solution of auric chloride reddens litmus-paper. 

4. Hydrogen sulphide precipitates from neutral or acid solu- 
tions the whole of the metal, from cold solutions as auRic suL- 
pupe, Au, §;, from boiling solutions as aurous suLpHipE, An,S, 
The precipitates are insoluble in hydrochloric and in nitric 


acid, but soluble in nitrohydrochloric acid. They are insoluble 


in colorless ammonium sulphide, but soluble in yellow ammo- 
nium sulphide, aud more readily still in yellow sodium sulphide 
or potassium sulphide. 
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5. Ammonium sulphide precipitates brownish-black AURIC SULPHIDE, 
which redissolves in an excess of the precipitant only if the latter contains 
an excess of sulphur. 

6. Ammonia produces, though only in concentrated solutions of gold, 
reddish-yellow precipitates of fulminating gold. The more acid the solu- 
tion and the greater the excess of ammonia added, the more gold remains 
in solution. © 


7. Stunnous chloride, containing an admixture of stannic 
chloride (which may be easily prepared by mixing solution of 
stannous chloride with a little chlorine water), produces even in 
extremely dilute solutions of gold, a purple-red precipitate (or 
coloration at least), which sometimes inclines rather to violet or 
to brownish-red. This precipitate, which has received the 
name of PURPLE oF cassIus, is insoluble in hydrochloric acid. 
Its constitution is not established. 

8. Ferrous salts reduce auric chloride in its solutions, and 
precipitate meraLLIc GoLp in form of a most minutely divided 
brown powder. The fluid in which the precipitate is sus- 
ye appears of a blackish-blue color by transmitted light. 

he dried precipitate shows metallic lustre when pressed with 
the blade of a knife. - 


-9. Potassium nitrite produces a precipitate of metallic gold. In very 
dilute solutions the fluid at first only appears colored blue, but in time the 
whole of the gold separates. 

10. Potassa or soda added in excess to auric chloride leaves the fluid 
clear, but upon addition of tannic acid metallic gold separates. Warming 
assists the precipitation. 

11. All compounds of gold are reduced in the stick of char- 
coal (p. 27). By triturating the charcoal afterwards, yellow 
spangles of metal will be obtained, which are insoluble in nitric 
acid, but readily soluble in aqua regia. 


§ 127, 
b. Priarinum, Pt., 197-4. 


1. Merattic piatinum has a light steel-gray color; it 18 
very lustrous, moderately hard, very difficultly fusible; it does 
not oxidize upon ignition in the air, and is insoluble in hydro- 
chloric, nitric, and sulphuric acids. It dissolves in nitrohydro- 
chloric acid, especially upon heating. The solution contains 

latinic chloride. , 


2. Piarinic oxipr, Pt O,, is a blackish-brown powder. Pra-_ 


TINIC HYDROXIDE (PLATINIC AcID) Pt (OH), is a reddish-brown 
owder. Both are reduced by heat; they are both readily solu- 
le in hydrochloric acid, and difticultly soluble in oxygen acids. 

Pxiarinous oxipzk, Pt O, is black; prarmous uyproxipg, Pt 


(OH),, brown; they are both by ignition reduced to the metallic — 


Btate. 


a a a ae a 
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3. The piarinic sats are yellow, and are decomposed at a 
red heat. Pxarryic cutoripr, Pt Cl,, is reddish-brown, its solu- 
tion reddish-yellow, which tint it retains up to a high degree 
of dilution. The solution reddens litmus paper. Exposure tc 
a very low red heat converts platinic chloride into platinous 
chloride, Pt Cl, ; application of a stronger red heat reduces it 
to the metallic state. Solution of platinic chloride, containing 
_ platinous chloride, has a deep brown color. 

4, Hydrogen sulphide throws down from acid and neutral 
platinic solutions, but always only after the lapse of some time, 
a blackish-brown precipitate of pLarinic suLpHipg, Pt §,. If the 
solution is heated after the addition of the hydrogen sulphide, 
the precipitate forms immediately. It dissolves in a great ex- 
cess of alkali sulphides, more particularly of the higher degrees 
of sulphuration. Platinie sulphide is insoluble in hydrochloric 
a and in nitric acid; but it dissolves in nitrohydrochloric 

acid. 

5. Ammonium sulphide produces the same precipitate ; this 
redissolves completely, fhough slowly and with difficulty, in 
a pree excess of the precipitant if the latter contains an excess 
of sulphur. Acids reprecipitate the platinic sulphide unaltered 
_ from the reddish-brown solution. 

_ 6. Potassium chloride and ammonium chloride (and accord- 
‘Ingly also potassa and ammonia in presence of hydrochloric 
acid) produce in not too highly dilute solutions of platini¢ chlo- 
ride, yellow crystalline precipitates of porasstum and AMMONIUM 
PLATINIC CHLORIDE, which are as insoluble in acids as in water, 
_ but are dissolved by heating with solution of potassa. From 

dilute solutions these precipitates are obtained by evaporating 
the fluid mixed with the precipitants on the water-bath, and 
_ treating the residue with a little water or with dilute spirit of 
wine. Upon ignition ammonium platinic chloride leaves 
_ spongy platinum behind; potassium platinic chloride leaves 
platinum and potassium chloride. ‘The decomposition of 
potassium platinic chloride is complete only if the ignition is 
effected in a current of hydrogen gas, or with addition of some 
oxalic acid. 

7. Stannous chloride imparts to platinic solutions containing much free 

hydrochloric acid an intensely dark brownish-red color, owing to a 
reduction of the platinic chloride to platinous chloride. But the reagent 
produces no precipitate in such solutions. 

_ 8. Ferrous sulphate does not precipitate solution of platinic chloride, 


except upon very long-continued boiling, in which case the platinum 
ultimately suffers reduction. 


9. On igniting a compound of platinum mixed with sodiwm 

carbonate on the loop of a platinum wire in the upper owidiz. 
img flame, a gray spongy mass is obtained, which on trituration 
in an agate ‘nortar yields silvery spangles, insoluble in hydro 
_ shlorie and nitric acid, but soluble in aqua regia. 
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§ 128. 


Recapititation and remarks.—The reactions of gold and 
platinum enable us, in many cases, to detect those two metals 
directly in the presence of many others. Where platinum and 
gold are present in the same solution, the go is most con- 
veniently evaporated to dryness at a gentle heat with ammo- 
nium chloride, and the residue treated with dilute alcohol, in — 
order to obtain the gold in solution and the platinum in the © 
residue. The precipitate will thus give platinum by ignition, | 
aud the gold may be precipitated from the solution by ferrous — 
sulphate, after removing the alcohol by evaporation. 


4 


4 
SECOND DIVISION. : 


Special Lieactions. 


§ 129. 
a. Trn,* Sn. 118, anp Srannous Compounns. . 


1.. Tin has a light grayish-white color and a high metalli¢e— 
lustre; it is soft and malleable ; when bent it produces a crack- 
ling sound. Heated in the air it absorbs oxygen and is con-— 
verted into grayish-white staunic oxide; heated on charcoal — 
before the blowpipe it forms a white incrustation. Concentra-_ 
ted hydrochloric acid dissolves tin to stannous chloride, with | 
evolution of hydrogen gas; nitrohydrochloric acid dissolves it, 
according to circumstances, to stannic chloride or to a mixture 
of stannous and stannic chlorides. Tin dissolves with difficulty _ 
in dilute sulphuric acid; concentrated sulphuric acid converts — 
it, with the aid of heat, intostannic sulphate ; moderately con-— 
centrated nitric acid oxidizes it readily, particularly with the 
aid of heat; the white hydroxide formed (metastannic acid, 
Sn, H,, O,,%) does not redissolve in an excess of the nitric 
acid. 4 

2. Srannous nyproxipx, Sn H,O, is white. By ignition in 
carbon dioxide it yields srannous oxime, Sn O, as a black or 
Di awa powder. Stannous oxide is reduced to metal by | 

usion with potassium cyanide, it is readily soluble im hydro- 
chloric acid. Nitric acid converts it into metastannic acid, 
which is insoluble in an excess of the acid. a 

3. The srannous saurs are colorless; they are decomposed 

by heat. The soluble normal salts, redden litmus-paper. The 


* Tn the stannous compounds tin is bivalent, in the stannic compounds itis 
quadrivalent. eee 
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stannous salts rapidly absorb oxygen from the air, and are par- 
tially or entirely converted into stannic salts. Stannous chloride, 
no matter whether in crystals or in solution, also absorbs oxy- 
gen from the air, which leads to the formation of insoluble 
stannous oxychloride and stannic chloride. Hence a solution 
of stannous chloride becomes speedily turbid if the bottle is, 
often opened and there is only little free acid present; and 
hence it is only quite recently prepared stannous chloride which 
will completely dissolve in water free from air, whilst crystals 
of stannous chloride that have been kept for any time will dis- 
ot to a clear fluid only in water containing hydrochloric 
acid. 

4, Hydrogen sulphide throws down from neutral and acid 
solutions a dark brown precipitate of srannous suLPHIDE Sn 8. 
This reagent does not precipitate alkaline solutions, or at least 
not completely. The precipitation may be prevented by the 
oe of a very large quantity of free hydrochloric acid, 

e precipitate is insoluble, or nearly so, in colorless ammo- 
nium sulphide, but dissolves readily in the yellow sulphide. 
Acids precipitate from this solution yellow stannic sulphide, 
mixed with sulphur. Stannous sulphide dissolves also in solu- 
tions of soda and potassa. Acids precipitate it again from these 
solutions unaltered. Boiling hydrochloric acid dissolves it, 
with evolution of hydrogen sulphide ; boiling nitric acid con- 
yerts it into insoluble metastannic acid. 


5. Ammonium sulphide produces the same precipitate of sTANNOUS SUL- 


-PHIDE. 


6. Potassa, soda, ammonia, and carbonates of the alkali-metals produce a 
white bulky precipitate of srANNOUS HYDROXIDE, Sn Hz Os, which redlis- 


_ solves readily in an excess of potassa or soda, but is insoluble in an excess 


of the other precipitants. If the solution of stannous hydroxide in pctassa 
(potassium stannite) is briskly evaporated potassium stannate Sn O (OK), 
is formed, which remains in solution, whilst metallic tin precipitates ; 
but upon evaporating slowly crystalline stannous oxide separates. 

_ %. Aurie chloride produces in solutions of stannous chloride and in solu- 
tions of other stannous salts mixed with hydrochloric acid _a precipitate 


_ which varies in color between brown, reddish brown, and purple-red, 


\ccording to the presence of more or less stannic chloride and the state of 
concentration (compare § 126, 7). In very dilute solutions a more or less 
brown or red coloration merely is produced. 


_ 8. Solution of mercuric chloride, added in excess, to solu- 
tions of stannous chloride or of a stannous salt mixed with 
hydrochloric acid, produces a white precipitate of MeRcuROUS 
CHLORIDE, owing to the stannous salt withdrawing from the 
mercuric chloride half of its chlorine. . 


_ 9. If a fluid containing a stannous salt and hydrochloric acid is added 
to a mixture of potassium ferricyanide and ferric chloride a precipitate 


: oes BLUE separates immediately. This reaction is extremely 


, 


: 


cate, but it can be held to be decisive only in cascs where no other 


_teducing agent is present. 
| 10. Zane precipitate from solutions mixed with hydrochloric acid METAL- 
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Lic TIN in the form of gray lamine or of a spongy mass. If the experi- 
ment is mide in a platinum capsule, the latter is not colored black. 

11. If stannous compounds, mixed with sodium carbonate 
and some dora, or better still, with a mixture of equal parts of 
sodiwm carbonate and potassium cyanide are exposed on a 
charcoal support to the inner blowpipe flame, malleable grains 
of METALLIC TIN are obtained on cutting out and forcibly tritu- 
rating the surrounding parts of charcoal with water in a small 
mortar, and washing off the charcoal from the metallic particles. — 
Upon strongly heating the grains of metallic tin on a charcoal 
support the latter becomes covered with a coating of white 
stannic oxide. The stick of charcoal (p. 27) is also admirably 
adapted for the reduction of tin. 

12. If, to a borax bead colored slightly blue by copper, a 
trace of a stannous compound is added and the bead is heated 
in the lower reducing flume of the gas lamp (p. 26), it will be- 
come reddish-brown to ruby-red in consequence of the forma- — 
tion and separation of cuprous oxide (compare § 120, 14). A’ 
compound of tin is essential to this reaction. ; 


| 


§ 130. 
6. Try, Sn. 118. Srannic Compounns. 


1. Srannic oxrpz, Sn O,, is a powder varying in color from 
white to straw-yellow, and which upon heating transiently as- 
sumes a brown tint. The nyproxipE precipitated by alkalies 
from solution of stannic chloride (obtained by heating tin in” 
chlorine gas, or by dissolving it in aqua regia), dissolves readily 
in hydrochloric acid—it is srannic actip, Sn H, O,. The ny- 
DROXIDE formed by the action of nitric acid upon tin—MeErA- ~ 
STANNIc AcrD (Sn; Hy) O,;?)—remains undissolved. But if meta-_ 
stannic acid is boiled for some time with hydrochloric acid 
it takes up chlorine; if the excess of the acid is then poured 
off and water added, a clear solution of metastannic chloride 
is obtained. The aqueous solution of the stannic chloride is. 
not precipitated by concentrated hydrochloric acid, whilst the 
acid produces in the aqueous solution of the metastannic chlo 
ride a white precipitate of the latter compound. The solution 
of stannic chloride is not colored yellow by addition of stannous 
chloride, as is the case in a remarkable degree if the solution 
contains metastannic chloride (Lowrenrsat). The dilute solu- 
tions of both chlorides give upon boiling precipitates of 
hydroxides corresponding to the chlorides. 

2. The srannic sats are mostly colorless, but stannic iodide, 
is orange-red. The soluble salts are decomposed at a red heat 
they redden litmus-paper. Srannic cutoripg, Sn Cl, is a vola 
tile liquid, strongly fuming in the air. } 

3. Hydrogen sulphide throws down from all acid and net 
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tral stannic solutions, particularly upon heating, a white floceu- 
lent precipitate if the stannic solution is in excess; a dull yel- 
low precipitate if the hydrogen sulphide is in excess. The 
former, in the case of a solution of stannic chloride, probably con- 
sists of a mixture of stannic chloride and stannic sulphide (it 
has not however as yet been analyzed) ; the latter consists of sran- 
nic suLpHIDE Sn §,. Alkaline solutions are not precipitated by 
hydrogen sulphide. Presence of a very large quantity of hy- 
drochloric acid may prevent precipitation. Stannic sulphide 
dissolves readily in potassa or soda, alkali sulphides, and con- 
centrated boiling hydrochloric acid, as also in aqua regia. It 
dissolves with some difficulty in ammonia, is nearly insoluble in 
ammonium carbonate, and insoluble in hydrogen potassium 
sulphite. Concentrated nitric acid converts it into insoluble 
metastannic acid. Upon deflagrating stannic sulphide with 
sodium nitrate and carbonate, sodium sulphate and stannic ox 
ide are obtained. If a solution of stannic sulphide in potassa 
(potassium sulphostannate, Sn S (K§S),) is boiled with bis- 
muth trioxide, insoluble bismuth trisulphide and soiuble potas- 
sium stannate are formed. 


4. Ammonium sulphide produces the same precipitate of sTANNIC SUL- 
PHIDE; the precipitate redissolves readily in an excess of the precipitant, 
as ammonium sulphostannate. From this solution acids reprecipitate the 
stannic sulphide unaltered. 

5. Potassa, soda, and ammonia, sodium and ammonium carbonates pro- 
duce white precipitates which, according to the nature of the solutions, 
consist of stannic acid, or of metastannic acid. The former readily dis- 
solves in a slight excess of potassa, slightly in a large excess; on the other 
hand it dissolves only after considerable dilution in a slight excess of soda, 
and on addition of more soda almost all the stannic acid separates again. 
The latter is hardly soluble in excess of potassa or soda. 

6. Sodium sulphate or ammonium nitrate, in fact, most normal alkali 
salts, when added in excess, throw down from stannic or metastannic solu- 
tions, provided they are not too acid, the whole of the tinas srannic ACID 
Or METASTANNIC ACID. Heating promotes the precipitation: Sn Cl.+4 
4 (Naz 8 O,) + 3 H. O= Sn H, O; + 4 Na C1 +4 (Na HS 0). 

_ 1%. Metallic zine precipitates from solutions of stannic,or metastannic 
chloride, in the presence of free acid, METALLIC TIN in the shape of small 

_ gray scales, or as a spongy mass. If the operation is conducted in a plat- 

_ inum dish, no blackening of the latter is observed (difference between tin 
and antimony). 


8. The stannic and metastannic compounds show the sam 
_ reactions before the dlowpipe or in the gas flame as the stan- 
nous compounds. Stannic oxide is also readily reduced when 

_ fused with potassium cyanide in a glass tube or in a crucible. 


§ 131. 
c Antimony. Sb. 122. 


1. Merarzic antimony has a bluish tin-white color and is 
“3 lustrous; it is hard, brittle, readily fusible, volatile at a very 


176 REACTIONS. GROUP VI. Div. 1 [§181. 


high temperature. When heated on charcoal before the blow- 
pipe it emits thick white fumes of antimonious oxide, which 
form a coating on the charcoal ; this combustion continues for 
some time, even after the removal of the metal from the flame ; 
it is the most distinctly visible if a strong current of air is 
thrown by the blowpipe directly upon the sample on the char- 
coal. But if the fumes ascend straight, the hot metallic bead 
becomes surrounded with a net of brilliant acicular crystals of 
antimonious oxide. Nitric acid oxidizes antimony readily; the 
dilute acid converts it almost entirely into antimonious oxide, 
the more concentrated the acid the more metantimonic acid is 
formed; boiling concentrated acid converts it almost com- 
pletely into metantimonic acid. Neither of the two is alto- 
gue insoluble in nitric acid; traces of antimony are there- 
ore always found in the acid fluid filtered from the precipi- 
tate. Hydrochloric acid, even boiling, does not attack anti- 
mony. In nitrohydrochloric acid the metal dissolves readily. 
The solution contains antimonious chloride, Sb Cl,, or antimo- 
nic chloride Sb Cl,, according to the degree of concentration of 
the acid and the duration of the action. . 

2. According to the mode of its preparation ANTIMONIOUS Ox- 
1pE (Sb, O,) occurs in white and brilliant crystalline needles, 
or as a white powder. It fuses at a moderate red heat in a 
closed vessel; at a higher temperature it volatilizes without de- 
composition. It is almost insoluble in nitric acid, but dissolves 
readily in hydrochloric and tartaric acids. No separation of 
iodine takes place on boiling it with hydrochloric acid (free 
from chlorine) and potassium iodide (free from iodic acid). 
Bunsen. Antimonious oxide is easily reduced to metal by 
fusion with potassium cyanide. 

3. Merrantrmonio acrp (Sb O, O H),* produced by the action 
of concentrated nitric acid on antimony and pyRoaNrm™onNic 
aow (Sb, O, H,?), + which is formed when antimonic chloride 
is treated with much water, are white. They both redden 
moist litmus*paper; they are only very sparingly soluble in 
water, and almost insoluble in nitrie acid, but dissolve pretty 
readily in hot concentrated hydrochloric acid: the solution con- 
tains ANTIMONIC CHLORIDE (Sb Cl,) and turns turbid upon addi- 
tion of water. On boiling metantimonie acid with hydrochlo- 
ric acid and potassium iodide, iodine separates which dissolves 
in the hydriodic acid present to a brown fluid (Bunsen). Upon 
heating metantimonic acid or pyroantimonic acid, just short of 


Oo 
* Or Sb =" H, antimonic acid of former editions, 


(OH) 
a ip aaa 


t ill O metantimonic acid of former editions, 
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redness, ANTIMONIC oOxIDE (Sb, O,) is obtained as a yellow powder 
insoluble in water and acids. By stronger ignition the latter 
loses oxygen, and is converted into infusible ANrrmontous ANTI- 
MONATE or antimony tetroxide (Sb, O,). Of the metantimonates 
and pyroantimonates the potassium and ammonium salts are 
almost the only ones soluble in water. Potassium metantimo- 
nate (Sb O,K) obtained by fusing antimony or its sulphides with 
nitre is a white mass nearly insoluble in cold water. On boil- 
ing with water it gradually dissolves to the readily soluble 
orthoantimonate (SbO, H, K). On fusing either of the above 
salts, or metantimonic acid with a large excess of potassa, a 
mass is obtained which readily dissolves in water. pes the 
solution by evaporation crystals of potassium pyroantimonate 
(Sb, O, K,) may be obtained, which are only permanent in pres- 
ence of excess of potassa and are decomposed by water into 
potassa and hydrogen potassium pyroantimonate (Sb, O, H, K,) 
§ 54). 

The sodium metantimonates are nearly, the sodium pyroan- 
timonates, are quite insoluble in water. The soluble potassium 
antimonates are accordingly precipitated by sodium chloride 
(§ 90, 2). On treating metantimonates and pyroantimonates 
with acids, metantimonic and pyroantimonic acids are precipi- 
tated. 

4, The greater part of the anrrmontous sALts are decomposed 
upon ignition; the haloid salts volatilize readily and unaltered. 

he soluble normal antimony salts redden litmus-paper. Witha 
large quantity of water they are decomposed with formation 
of insoluble basic salts and separation of free acid. Thus, for 
instance, water throws down from solutions of antimonions 
chloride in hydrochloric acid a white bulky precipitate of anri- 
MONIOUS OXYCHLORIDE (powder of Algaroth), which soon becomes 
heavy and crystalline. 4 Sb Cl,+5 H, O = 2 (Sb O Cl) Sb, O,, 
+10 HCl. Tartaric acid dissolves this precipitate readily, and 
therefore prevents its formation if mixed with the solution pre- 
eviously to the addition of the water. It is by this property 
that this antimony compound is distinguished from the basic 
bismuth salts formed under similar circumstances. 

5. Hydrogen sulphide precipitates from acid solutions (if the 
quantity of free mineral acid present is not too large) the whole 
of the metal as orange-red amorphous ANTIMONIOUS SULPHIDE (Sb, 
§,). In alkaline solutions this reagent fails to produce a precipi- 
tate or, at least, it precipitates them only imperfectly ; neutral 
_ solutions also are only imperfectly thrown down by it. The anti- 
_ monious sulphide produced is readily dissolved by potassa and 
__ by alkali sulphides, especially if the latter contain an excess of 

sulphur; it is but sparingly soluble in ammonia, and, if free 

_ from antimonic sul hide, almost insoluble in hydrogen ammo- 

nium carbonate. ti is insoluble in dilute acids, as also in 

hydrogen potassium sulphite Concentrated boiling hydrochlo- 
12 
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ric acid dissolves it, with evolution of hydrogen sulphide. By 
heating in the air it is converted into a mixture of antimony 
tetroxide with antimonious sulphide. By deflagration with 
sodium nitrate it gives sodium sulphate and metantimonate. 
If a potassa solution of antimonious sulphide (containing 
potassium sulphantimonite) is boiled with bismuth trioxide, 
bismuth trisulphide precipitates, and potassium orthoanti- 
monate remains in the solution. On fusing antimonious 
sulphide with potassium eyanide, metallic antimony and potas- 
sium sulphocyanate are produced. If the operation is con- 
ducted in a small tube expanded into a bulb at the lower end, 
or ina stream of carbon dioxide (see § 132, 18), no sublimate 
of antimony is produced. But if a mixture of antimonious 
sulphide with sodium carbonate or with potassium cyanide and 
sodium carbonate is heated in a glass tube in a stream of hydro- 
gen gas a mirror of antimony is deposited in the tube, imme- 
diately behind the spot occupied by the mixture. 

From a solution of antimonie acid in hydrochlori¢ acid 
sulphuretted hydrogen throws down ANTIMONIC SULPHIDE (Sb, §,) 
mixed with antimonious sulphide and sulphur. The precipi- 
tate dissolves readily when heated with solution of soda or ain- 
monia (forming, ¢.g., sodium sulphantimonate, Na, Sb8,) and 
equally so in concentrated boiling hydrochloric acid with evo- 
lution of hydrogen sulphide and separation of sulphur, but dis- 
solves only very sparingly in cold solution of hydrogen ammo- 
nium carbonate. 

6. Ammonium sulphide produces in solutions of antimoni- 
ous salts an orange-red precipitate of ANTIMONIOUS SULPHIDE, 
which readily redissolves in an excess of the precipitant if the 
latter contains an excess of sulphur, with formation of ammo- 
nium sulphantimonate. Acids throw down from this solution 
antimonic sulphide. However, the orange color appears in 
that case usually of a lighter tint, owing to an admixture of 
free sulphur. 


7. Potassa, soda, ammonia, sodium carbonate, and ammonium carbonate 
throw down from solutions of antimonious chloride, and also of simple 
antimonious salts,—but far less completely, and mostly only after some 
time, from solutions of tartar emetic or analogous compounds,—a white 
bulky precipitate of ANTIMONIOUS HYDROXIDE, which redissolves pretty 
readily in an excess of potassa or soda, but requires the application of heat 
for its re-solution in sodium carbonate, and is almost insoluble in ammonia. 


8. Metallic zine precipitates from all solutions of antimoni:- 
ous oxide, if they contain no free nitric acid, METALLIC ANTI- 
mony as a black powder. If a few drops of a solution of anti- 


mony, containing some free hydrochloric acid, are put into a — 


platinum capsule (the lid of a platinum crucible), and a frag- 


ment of zine is introduced, hydrogen containing antimonetted — 
a Senay is evolved and antimony separates, av part | 
Oy) 


the platinum covered by the liquid brown or black, even in 


| 


a 
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the case cf very dilute solutions: this reaction is equally deli- 
cate and characteristic. Cold hydrochloric acid fails to remove 
the stain, heating with nitric acid removes it immediately. 

9. If a solution of antimonious oxide in solution of soda (sodium anti. 
monite) is mixed with solution of silver nitrate, a deep black precipitate 
of ARGENTOUS OXIDE forms with the grayish-brown precipitate of argen- 
tic oxide. Upon now adding ammonia in excess, the argentic oxide is 
redissolved, whilst the argentous oxide is left undissolved (H. Rosr). The 
formation of the argentous oxide in this process is explained as follows: 
Na Sb O. + 2 Ag2 O= Na Sb O; + Agi O. This exceedingly delicate re- 
action affords an excellent means of detecting antimonious oxide or anti- 
monites in presence of antimonic acid. 

10. If any solution of antimony in hydrochloric or sulphuric 
acid is introduced into a flask in which hydrogen gas is being 
evolved from pure zinc and diluted sulphurie acid a portion of 
the antimony separates in the metallic state; but another por- 
tion of the metal combines with hydrogen, forming antrMo- 
NETTED HYDROGEN GAS (Sb H,). If this operation is conducted 
in a gas-evolution flask, connected by means of a perforated 
cork with a bent tube ending in a jet,* and the hydrogen pass- 
ing through the jet is ignited after the atmospheric air is com- 

letely expelled, the flame appears of a bluish-green tint, which 
is imparted to it by the antimony separating and burning in 
the flame. White fumes of antimonious oxide rise from the 
flame, which condense readily upon cold substances, and are 
not dissolved hy water. But if a cold body, such as a por- 
celain dish (which answers the purpose best), is now depressed 
upon the flame, MErALLIc ANTIMONY is deposited upon the sur- 
face in a state of the most minute division, forming a deep 
black and almost lustreless spot. If the middle part of the 
tube through which the gas is passing is heated to redness the 
bluish-yreen tint of the flame decreases in intensity, and a me- 
tallic mirror of antimony of silvery lustre is formed within the: 
tube on both sides of the heated part. 

As compounds of arsenic give under the same circumstances. 
similar stains of metallic arsenic, it is always necessary to care- 
fully examine the spots produced, in order to ascertain whether 
they really consist of antimony or contain any of that metal. 
With stains deposited on a porcelain dish the object in view is: 
most readily attained by treating them with a solution of so- 
dium hypochlorite (prepared by mixing a solution of “ chlo- 
ride of lime” with sodium carbonate in excess, and filtering) ; 
which will immediately dissolve arsenical stains, leaving those 
proceeding from antimony untouched, or, at least, removing: 


_ them only after a very protracted action. A mirror within the 
_ g.ass tube, on the other hand, may be tested by heating it 


* In accurate experiments it is advisable to use MARSH’s apparatus (§ 132, 


10). By the employment of a platinum jet rolled from a bit of thin foil and: 


inserted in the end of the glass delivery tube, the color of the flame will be 


: s rendered yery distinct. 
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whilst the current of hydrogen gas still continaes to pass 
through the tube: if the mirror volatilizes only at a higher tem- 
perature, and the hydrogen gas then issuing from the tube does 
not smell of garlic; if it is only with a strong current that. the 
ignited gas deposits spots on porcelain, and the mirror before 
volatilizing fuses to small lustrous globules distinctly discern- 
ible through a magnifying glass,—the presence of antimony 
may be considered certain. Or the metals may be distinguished 
with great certainty by conducting through the tube a very 
slow stream of dry hydrogen sulphide, and heating the mirror, 
proceeding in an opposite direction to that of the current. The 
antimonial mirror is by this means converted into antimonious 
sulphide, which ging of a more or less reddish-yellow color, 
and almost black when in thick layers. If a feeble stream of 
dry hydrochloric acid gas is now transmitted through the glass 
tube, the antimonious sulphide, if present in thin layers only, 
disappears immediately; if the incrustation is somewhat 
thicker it takes a short time to dissipate it. The reason for 
this is, that the antimonious sulphide decomposes readily with 
hydrochloric acid, and the antimonious chloride formed is ex- 
ceedingly volatile in a stream of hydrochloric acid gas. If the 
gaseous current is now conducted into some water the presence 
of antimony in the latter fluid may readily be proved by means 
of hydrogen sulphide. By this combination of reactions anti- 
mony may be distinguished with positive certainty from all 


other metals. The reaction which hydrogen gas ona 


antimonetted hydrogen shows with solution of silver nitrate an 
with solid potassa will be found in § 1384, 6. 

11. If a mixture of a compound of antimony with sodiwm 
carbonate and potassium cyanide is exposed on a charcoal sup- 
port to the reducing flame of the blowpipe, brittle globules of 
METALLIC ANTIMONY are produced, which may be readily recog- 
nized by the peculiar reactions that mark their oxidation (com- 
pare § 131, 1). 

12. In the upper reducing flame of the gas lamp (p. 26) com- 
pounds of antimony give a greenish-gray color, and no odor. 
The metallic incrustation is black, sometimes dull, sometimes 
bright. The cncrustation of oxide is white. When moistened 
with silver nitrate and then blown on with ammonia, it gives a 
black spot of argentous antimonate (Bunsrn). 


§ 132. 


d. Arsrnto, As. 75, and ArsEnious Compounps. 


1. Meratzic arsento has a blackish-gray color and high me- — 


 tallic lustre, which it retains in dry air, but losesin moist air; 
the metallic arsenic of commerce is therefore commonly dull, 


with a dim bronze lustre on the planes of crystallization, Ar: 
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senic is .ot very hard, but very brittle: at a dull red heat it 
volatilizes without fusion. The fumes have a most characteris: 
tic odor of garlic. Heated with free access of air, arsenic 
burns—at an intense heat with a bluish flame—emitting white 
fumes of arsenious oxide, which condense on cold bodies. If 
arsenic is heated in a glass tube sealed at the lower end the 
greater part of it aulatil bes unoxidized, and recondenses above 
the heated spot as a lustrous black sublimate (arsenical mirror) ; 
a very thin coating of the sublimate appears of a brownish- 
black color. In contact with air and water arsenic oxidizes 
slowly to arsenious acid. Weak nitric acid converts it, with the 
aid of heat, into arsenious acid, which dissolves only sparingly 
in an excess of the acid; strong nitric acid converts it partially 
into arsenic acid. It is insoluble in hydrochloric acid and di- 
Inte sulphuric acid; concentrated boiling sulphuric acid oxi- 
dizes it to arsenious oxide, with evolution of sulphur dioxide. 

2. ArsEntous ox1DkE, As, Os, generally presents the appearance 
either of a transparent vitreous or of a white porcelain-like 
mass. By trituration it gives a heavy, white, gritty powder 
When heated it volatilizes in white inodorous fumes. If the 
operation is conducted in a glass tube a sublimate is obtained 
consisting of small brilliant octahedrons and tetrahedrons. 
Arsenious oxide is only difficultly moistened by water; it com- 
ports itself in this respect like a fatty substance. It is spar- 
ingly soluble in cold, but more readily in hot water. The solu- 
tion is assumed to contain arsenious acid, As (O H);. This 
hydroxide, however, is not known to exist separately. It is 
vopiously dissolved by hydrochloric acid, as well as by solution 
of soda and potassa. Upon boiling with nitrohydrochloric avid 
it dissolves to arsenic acid. It is highly poisonous. ~ 

38. The arsenrres are mostly decomposed upon ignition 
either into arsenates and metallic arsenic, which volatilizes, or 
into arsenious oxide and the base with which it was combined. 
Of the arsenites those only with alkali bases are soluble in 
water. The insoluble arsenites are dissolved, or at least decom- 
posed, by hydrochloric acid. Anhydrous ARsENIOUS CHLORIDE 
(As Cl,) is a colorless volatile liquid, fuming in the air, which 
will bear the addition of a little water, but is decomposed by 
a larger amount into arsenious oxide, which partly separates, . 
and hydrochlorie¢ acid, which retains the rest of the arsenious 
oxide in solution. If a solution of arsenious oxide in hydro- 
_chloric acid is evaporated by heat, arsenious chloride escapes 
along with the hydrochloric acid. 

4. Hydrogen sulphide colors aqueous solutions of arsenious 
acid yellow, but produces no precipitate in them; it fails 
equally to precipitate aqueous solutions of normal alkali arse- 
nites, but upon addition of a strong acid a bright yellow precipi- 
tate of ARSENIOUS SULPHIDE (As, $3) forms at once. The same 
precipitate f¢rms in like manner in the hydrochloric acid solu- 


- 
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tion of arsenites insoluble in water. Even a large excess of 
liydrochlorie acid does not prevent complete precipitation, 
Alkaline solutions are not precipitated. The precipitate is 
readily and completely dissolved by alkalies, alkali carbonates 
and alkali hydrogen carbonates, and also by alkali sulphides; 
but it is nearly insoluble in hydrochloric acid, even though 
concentrated and boiling. LDBoiling nitric acid decomposes ana 
dissolves the precipitate readily. 

If recently precipitated arsenious sulphide is digested with sulphurous 
acid and hydrogen potassium sulphite, the precipitate is dissolved ; upon 
heating the solution to boiling the fluid turns turbid, owing to the separa- 
tion of sulphur, which upon continued boiling is for the greater part re- 
dissolved. The fluid contains, after expulsion of the sulphur dioxide, 
potassium arsenite and potassium thiosulphate 2 (Aso Ss) + 8 (KeS Os)+ 
8 SO. = 4(K As On) + 6 (K2 82 Os) + Ss: + 7 SO. (BuNsEn). "ee 

The detlagration of arsenious sulphide with sodium carbonate 
and nitrate gives rise to the formation of sodium arsenate and 
sulphate. If a solution of arsenious sulphide in potassa is 
boiled with basic bismuth nitrate or bismuth hydroxide, bis- 
muth trisulphide and potassium arsenite are produced. 

5. Ammonium sulphide also causes the formation of ARSENIOUS SUL- 
PuIDE. In neutral and alkaline solutions, however, the arsenious sulphide 
does not precipitate, but remains dissolved as ammonium sulpharsenite 
(N H,)s As Ss. From this solution arsenious sulphide precipitates imme- 
diately upon the addition of a free acid. 

6. Silver nitrate leaves aqueous solutions of arsenions acid 
perfectly clear, or at least produces only a trifling yellowish- 
white turbidity in them; but if a little ammonia is added a 

ellow precipitate of smvrR arsentre (Ag, As O,) separates. 

he same precipitate forms of course immediately upon the 
addition of silver nitrate to the solution of a normal arsenite. 
The precipitate dissolves readily in nitric acid as well as in am- 
monia, and is not insoluble in ammonium nitrate; if therefore 
a small quantity of the precipitate is dissolved in a large 
amount of nitric acid, and the latter is afterwards neutralized 
with ammonia, the precipitate does not make its appearance 
again, as it remains dissolved in the ammonium nitrate formed, 
If an ammoniacal solution of silver arsenite is heated to boil- 
ing, METALLIC SILVER separates, the arsenious acid being con- 
verted into arsenic acid. 

7. Cupric sulphate produces under the same circumstances 
as the silver nitrate a yellowish-green precipitate of cupric 
ARSENITE. 

8. If to a solution of arsenious oxide in an excess of solution of soda 
or potassa, or to a solution of an alkali arsenite mixed with potassa or 
soda, a few drops of a dilute solution of cupric sulphate are added, a clear 
blue fluid is obtained, which upon boiling deposits a red precipitate of 
CUPROUS OXIDE, leaving potassium arsenate in solution. This reaction is 
exceedingly delicate, provided not too much of the cupric sulphate be 
used. Even should the red precipitate be so exceedingly minute as to es- 
cape detection on looking across the tube, yet it will always be discernible 
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with great distinctness upon looking down the test-tube. Of course this 
reaction, although really of great importance in certain instances as a con- 
firmatory proof of the presence of arsenious acid, and more particularly 
also as a means of distinguishing that acid from arsenic acid, is yet 
entirely inapplicable for the direct detection of arsenic, since grape sugar 
and other organic substances produce cuprous oxide from cupric salts in the 
same manner. : 

9. If a solution of arsenious oxide mixed with hydrochloric acid is 
heated with a perfectly clean slip of copper or copper wire, an iron-gray 


- metallic film is deposited on the copper, even in highly dilute solutions ; 


when this film increases in thickness it peels off in black scales. If the 
coated copper, after washing off the free acid, is heated with solution of 
ammonia, the film peels off from the copper, and separates in form of mi- 
nute spangles (Re1Nsow). These are not pure arsenic, but consist of COPPER 
ARSENIDE (Cus Ase). If the substance, either simply dried or oxidized by 
ignition in a current of air (which is attended with escape of some arseni- 
ous acid), is heated in a current of hydrogen, there escapes relatively but 
little arsenic, alloys richer in copper being left hehind (Fresentvs, Lrp- 


PERT). It is only after the presence of arsenic in the alloy has been fully 


demonstrated that this reaction can be considered a decisive proof of the 
presence of that metal, as antimony and other metals will under the same 
circumstances also precipitate in a similar manner upon copper. 
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Fig. 36. 


10. If an acid or neutral solution of arsenious acid or any 
of its compounds is mixed with zinc, water, and dilute sulphu- 
vic acid, ARSENETTED HYDROGEN (As H,)* is formed, in the same 
manner as compounds of antimony give under analogous cir- 
cumstances antimonetted hydrogen. (Compare § 1381, 10.) 
This reaction affords us a most delicate test for the detection 
of even the most minute quantities of arsenic. The operation 


* [This gas is a deadly poison, and the utmost care should be taken not to 


¥ [ i . 
inhale it or smell at the point of delivery. No harm can be experienced if the 


issuing gas be kept inflamed.- -Ep.] 
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is conducted in the apparatus illustrated by fig. 36, or in one 
of similar construction.* @ is the evolution flask, b a bulk 
intended to receive the water carried with the gaseous current, 
¢atube filled with cotton wool and small lumps of ealcinr 
chloride for drying the gas. This tube is connected with d and 
d@ by india-rubber tubes which have been boiled in solution of 
soda; @ should have an inner diameter of 7 mm. (fig. 37), and 
must be made of difficultly fusible glass free from 
ga lead. In experiments requiring great accuracy the 
& tube should be drawn out as shown in fig. 86. The 
Yes’ operation is now commenced by evolving in a a mod- 
Fig. 37, erate and uniform current of hydrogen gas, from pure 
granulated zine and pure sulphuric acid diluted with 
3 parts of water. Addition of a few drops of platinic chloride 
will be found useful. When the evolution of hydrogen has 
proceeded for some time, so that it may safely be concluded 
the air has been completely expelled from the apparatus, the 
gas is kindled at the open end of the tube d. It is advisable 
to wrap a towel round the flask before kindling the gas, to 
guard against accidents in case of an explosion. It is now 
absolutely necessary first to ascertain whether the zinc and the 
sulphuric acid are quite free from any admixture of arsenic. 
This is done by depressing a porcelain dish horizontally upon 
the flame to make it spread over the surface: if the hydroger 
contains arsenetted hydrogen brownish or brownish-black stains 
of arsenic will appear on the porcelain; the non-appearance 
of such stains may be considered as a proof of the freedom of 
the zinc and sulphuric acid from arsenic. In very accurate 
experiments, however, additional evidence is required to insure 
the positive certainty of the purity of the reagents employed ; 
for this purpose the part of the tube d shown in fig. 86 over 
the flame is heated to redness with a Berzelius or gas-lamp, 
and kept for fifteen minutes in a state of ignition: if no 
arsenical coating makes its appearance in the narrowed part — 
of the tube the agents employed may be pronounced free from 
arsenic,t and the operation proceeded with, by pouring the 
fluid to be tested for arsenic through the funnel tube into the 
flask, and afterwards some water to rinse the tube. Only a 
very little of the fluid ought to be poured in at first, as in cases 
where the quantity of arsenic present is considerable, and a 
somewhat large supply of the fluid is poured into the flask, the 
‘evolution of gas often proceeds with such violence as to stop 
the further progress of the experiment. The remainder of the 
arsenical raion should be added gradually in small portions 
at a time. ; 


* The very convenient form of Marsu’s apparatus recommended by OTTo. 


+ [If no mirroris obtained in 10 to 15 minutes the materials are pure enough 


for toxical examinations. It is not easy, however, to obtain reagents s« free 
from arsenic as not to give a faint arsenical mirror in an hour or two.—BbD.| 
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Now if the fluid contains an oxygen or halogen compound 
of arsenic there is immediately evolved, along with the hydro- 
gen, arsenetted hydrogen, which at once imparts a bluish tint 
to the flame of the kindled gas, owing to the combustion of the 
particles of arsenic separating from the arsenetted hydrogen. 
At the same time white fumes of arsenious oxide arise, which 
condense upon cold objects. If a porcelain plate is now de- 
pressed upon the flame the separated and not yet reoxidized ar- 
senic condenses upon the plate in black stains, in a similar 
manner to antimony. (See § 131,10.) The stains formed by 
arsenic incline, however, more to a blackish-brown tint, and 
show a bright metailic lustre; whilst the antimonial stains are 
of a deep black color and but feebly lustrous. The arsenical 
stains may be distinguished, moreover, from the antimonial 
stains by solution of sodium hypochlorite (compare § 131, 10), 
which will at once dissolve arsenical stains, leaving antimonial 
stains unaffected, or removing them only after a considerable 
time. 

If the heat of a Berzelius or gas-lamp is now applied to the 
part of the tube d, shown in fig. 36, over the flame, a brilliant 
arsenical mirror makes its appearance in the narrowed portion 
of the tube behind the heated part ; this mirror is of a darker 
and less silvery-white hue than that produced by antimony 
under similar circumstances ; from which it is, moreover, distin- 
guished by the facility with which it may be dissipated in a 
current of hydrogen gas without previous fusion, and by the 
characteristic odor of garlic emitted by the escaping (unkin- 
dled) gas. If the gas is kindled whilst the mirror in the tube 
is being heated the flame will, even with a very slight current 
of gas, deposit arsenical stains on a porcelain plate. 

he reactions and properties just described are amply sufii- 
cient to enable us to distinguish between arsenical and anti- 
monial stains and mirrors; but they will often fail to detect 
arsenic with positive certainty in presence of antimony. In 
_ eases of this kind the following process will serve to set at 1est 
all possible doubt as to the presence or absence of arsenic :-— 

eat the long tube through which the gas to be tested is pass- 
ing to redness in several parts, to produce distinct metallic mir- 
rors; then transmit through the tube a very weak stream of 
dry hydrogen sulphide, and heat the metallic mirrors proceed- 
ing from the outer towards the inner border. If arsenic alone 
is present yellow arsenious sulphide is formed inside the tube; 
if antimony alone is present an orange-red or black antimo 
nious sulphide is produced; and if the mirror consisted of both 
metals the two sulphides appear side by side, the arsenious sul- 
phide, as the more volatile, lying invariably before the antimo- 
nious sulphide. If you now transmit through the tube contain- 
ing either sulphide, or both sulphides together, dry hydro- 
chloric gas, without applying heat, no alteration will take 
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place if arsenious sulphide alone is present, even though the 
gas be transmitted through the tube for a censiderable time. 
If antimonious sulphide alone is present this will entirely dis- 
appear, as already stated (§ 131, 10), and if both sulphides are 
present, the antimonious sulphide will immediately volatilize, 
whilst the yellow arsenious sulphide will remain. Ifa small 
quantity of ammonia is now drawn into the tube the arsenious 
sulphide is dissolved, and may thus be readily distinguished 
from sulphur which may have separated. My personal expe- 
rience has convinced me of the infallibility of these combined 
tests for the detection of arsenic. 

The reaction of hydrogen containing arsenetted hydrogen 
with solution of silver nitrate will be found in § 134, 6. 

Marsn was the first who suggested the method of detecting 
arsenic by the production of arsenetted hydrogen. . 

(11. When to a solution of arsenious chloride or of arsenious 
oxide, or of an arsenite in fuming hydrochloric acid, crystals or 


Fig. 38. 


highly concentrated solutions of stannous chloride are added, 
and the still fuming mixture boiled, all the arsenic present se- 
parates in dark-brown crystalline flocks of an ALLoy oF ARSE- 
NIC AND TIN (containing 8 to 6 per cent. of tin). In dilute hy- 
drochloric acid (with less than 20 per cent. FL Cl) the pre- 
cipitation is ncomplete or does not occur at all. The precipi- 
tate after settling may be washed, first with hydrochloric acid, 
sp. gr. 1-1, then with water or alcohol, and dried at a gentle 
warmth. A portion of it is then heated in a tube like that 
shown in fig. 38, to procure the arsenical mirror. 
_ In liquids containing very minute traces of arsenic, the pre- — 
cipitate remains a long time suspended in the liquid, giving it 
a brownish color. This color distinctly appears in solutions — 
containing but zpphooa Of arsenic. Antimony is not thrown — 
down by stannous chloride under any circumstances whatever. 
Berrenporr. | | 
12. If a small lump of arsenious oxide (a) be introduced inte — 
the pointed end of a drawn-out glass tube (fig, 38), a fragment | 
f 
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of quite recently ignited charcoal (6) pushed down the tube to 
within a. short distance of the arsenious oxide, and first the 
charcoal then the arsenious oxide heated to redness, a MIRROR 
OF METALLIC ARSENIC will form at c, owing to the reduction of 
the arsenious oxide vapor by the red-hot charcoal. If the 
tube be now cut between 6 and ¢ and then heated in an inclined 
position, with the cut end ¢ turned upwards, the metallic mir 
ror will volatilize, emitting the characteristic odor of garlic. 
This is both the simplest and safest way of detecting pure arsen- 
ious oxide. 


4 13. If arsenites, or arsenious oxide, or arsenious sulphide are fused with a 
mixture of equal parts of dry sodium carbonate and potassium cyanide the 

whole of the arsenic is reduced to the metallic state,*.and so is the base 

also, if easily reducible; the eliminated oxygen converting part of the po- 
 tassium cyanide into potassium cyanate. In the reduction of arsenious 
sulphide potassium sulphocyanate is formed. The operation is conducted 
as follows :—Introduce the perfectly dry arsenical compound into the bulb 
- of a small bulb-tube (fig. 39), and cover it with six times the quantity of 
a perfectly dry mixture of equal parts of sodium carbonate and of po- 
tassium cyanide. The whole quantity must not much more than half fill 


Fig. 39. 


the bulb, otherwise the fusing potassium cyanide is likely to ascend into the 
tube. Heatthe bulb gently ; should some water still escape, wipe the nside 
of the tube perfectly dry with a twisted slip of blotting paper. It is of the 
highest importance for the success of the experiment to bestow great care upon 
_ expelling the water, drying the mixture, and wiping the tube clean and 
dry. Apply now a strong heat to the bulb, to effect the reduction of the 
' arsenical compound, and continue this for some time, as the arsenic often 
_ requires some time for its complete sublimation. The mirror which is de- 
ee aga at b is of exceeding purity. It is obtained from all arsenites whose 
te remain either altogether unaffected, or are reduced to such metallic 
_ arsenides as lose their arsenic partly or totally upon the simple application 
of heat. This method deserves to be particularly recommended, even in 
_ eases where only minute quantities of arsenic are present. For the direct 
_ production of arsenic from arsenious sulphide it is superior to all other 
~ methods. 

The delicacy of the reaction is heightened by heating the mixture in a 
stream of dry carbon dioxide. The most accurate and satisfactory results 


__ * [According to Rose and Mohr, the reduction of the arsenic is never com- 
_ plete, and when excess of sulphur is mixed with the As, $3, no metallic arse. 
_ nic whatever can be made to appeaz.-—ED. ] 
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are obtained in the following manner. Figs. 40 and 41 shew the appara- 
tus in which the process is conducted. 

The self-regulating gas-gencrating apparatus is like that already de- 
scribed for preparing hydrogen sulphide (sce § 84, fig. 35), but is charged 
with lumps of marble, and the delivery tube passes a cork in the mouth of 
a flask containing oil of vitriol, in order to dry the gas, whence it streams 
through the reduction tube, which sbould have an inner diameter of about 


three-eighths of an inch. This tube is represented of one-third its proper 
size, in fig. 41. 

When the apparatus is full of carbon dioxide, triturate the perfectly dry 
arsenious sulphide or arsenite in a slightly heated mortar with about 
twelve parts of a well-dried mixture consisting of three parts of sodium 
carbonate and one part of potassium cyanide. The mixture must of course 
be quite free from arsenic (§ 46). Put the powder upon a narrow slip of 
paper, bent into the shape of a gutter, and push this into the reduction- 
tube down to e; turn the tube now half-way round its axis, when the mix- 
ture will drop into the tube between e and d, every other part remain- 
ing perfectly clean. Connect the tube now with the gas apparatus, and 
pass through it a moderate stream of carbon dioxide. Heat the tube in its 
whole length very gently until the mixture in it is quite dry. When every 
trace of water is expelled, reduce the gas stream so that the single bubbles 


pass through the sulphuric acid at intervals of one second, and heat the 


reduction tube to redness at ¢ (fig. 41). When ¢ is red-hot, apply the — 
flame of a second lamp to the mixture, proceeding from d to e, until the 


whole of the arsenic is expelled. The far greater portion of the volatilized 


arsenic recondenses at #, whilst a small portion only escapes through 7, im-~ 


parting to the aira garlic odor. Advance the flame of the second lamp 
slowly and gradually up to c, by which means the whole of the arseni¢ 
which may have condensed in the wide part of the tube is driven to 4. 


Wher you have effected this, close the tube at the point i by fusion, and — 


OO 
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apply heat, proceeding from i towards h, by which means the extent of 
the mirror is narrowed, whilst its beauty and lustre are correspondingly 
increased. In this manner perfectly distinct mirrors of arsenic may be 
eet from ‘0002 grm. of arsenious sulphide, No mirrors are obtained 

y this process from antimonious sulphide, or from any other compound 
of antimony. 

14. If arsenious oxide or an arsenite is exposed on charcoal 
to the reducing flame of the blowpipe a highly characteristic 
garlic odor is emitted, more especially if some sodium carbon- 
ate is added. This odor has its origin in the reduction and re- 
oxidation of the arsenic, and enables us to detect very minute 
quantities. This test, however, like all others that are based 
upon the indications of the sense of smell, cannot be implicitly 
relied on. 


§ 133. 
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1. Orthoarsenic acid crystallizes in prisms or plates of the 
formula As O,H,. 4 H,O or As O(O H),. 4H, O, which de 
liquesce in the air. The water of crystallization escapes at 
100°; at 180° under loss of water, it is converted into pyro- 
arsenic acid (As, O, H,), at 206° it passes into metarsenic acid 
(AsO, H). Heated to faint redness these hydroxides leave 
arsenic oxide (As, O,). This again on strong ignition splits into 
oxygen and arsenious oxide. Arsenic oxide dissolves but slowly 
in water. The meta- and pyroarsenic acids dissolve in water 
to orthoarsenic acid, and the meta- and pyroarsenates which are 
soluble dissolve at once as orthoarsenates. Arsenic acid is 
poisonous. 

2. Most of the arsenares are insoluble in water. Of the 
orthoarsenates those with alkali bases alone are soluble in 
water. Most of the di- and trimetallic arsenates can bear a 
strong red heat without suffering decomposition. The mono- 
metallic orthoarsenates lose acid upon ignition, which passes off 
in the form of arsenious oxide and oxygen. A solution of 
arsenic acid or of an arsenate in bedrock ials acid may be 
boiled for a long time without losing arsenic, provided too 
much hydrochloric acid is not present. But when the residual 
fluid contains about half its volume of hydrochloric acid of 
specific gravity 1:12, traces of arsenious chloride begin to escape 
- with the hydrochloric acid. 

_ 8. Hydrogen sulphide fails to precipitate alkaline and neu- 
tral solutions; but in acidified solutions it causes first reduction 
of the arsenic acid to arsenious acid, with separation of sulphur, 
then precipitation of arsenious sulphide. This process con- 
- tinues until the whole of the arsenic is thrown down as As, 8, 
mixed with 2S (Wackxrnroper, Lupwia, H. Rosr). The action 
_ uever takes place immediately, and in dilute solutions frequent- 
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ly only after the lapse of a considerable time (twelve to twenty- 
four hours, for instance). Heating (to about 70°) greatly ae- 
celerates the action. If a solution of arsenic acid, or of an 
arsenate, is mixed with sulphurous acid, or with sodium sulphite 
and soine hydrochlori¢ acid, the sulphurous acid is converted 
into sulphuric acid, and the arsenic acid reduced to arsenions 
acid; application of heat promotes the change. If hydrogen 
sulphide is now added, the whole of the arsenic is immediately 
thrown down as arsenious sulphide. 

4. Ammonium sulphide, especially upon boiling and evapor- 
ating therewith, converts the arsenic acid in neutral and alka- 
line solutious of arsenates into ARSENIC SULPHIDE (As, 8,), which 
remains in solution as ammonium sulpharsenate (N H,), As §,. 
Upon the addition of an acid to the solution this salt is decom- 
posed, and arsenic sulphide precipitates. The separation of this 
precipitate proceeds more rapidly than is the case when acid 
solutions of arsenates are precipitated with hydrogen sulphide. 
It is promoted by heat. The precipitate formed is As, S,, and 
not a mixture of As, 8, with §,,. 

5. Silver nitrate produces under the circumstances stated 
§ 182, 6, a highly characteristic reddish-brown precipitate of 
SILVER ARSENATE (Ag, As O,), which is readily soluble in dilute 
uitric acid and in ammonia, and dissolves also slightly in am- 
monium nitrate. Accordingly, if a little of the precipitate is 
dissolved in a large proportion of nitric acid, neutralization 
with ammonia often fails to reproduce the precipitate. The 
amimoniacal solution of silver arsenate does not deposit silver 
upon boiling (difference between arsenic and arsenious acids). 

6. Cupric sulphate produces under the circumstances stated — 
§ 132, 7,a greenish-blue precipitate of HYDROGEN cUPRIC 
ARSENATE (H Cu As O,). 


7. If a dilute solution of arsenic acid mixed with some hydrochloric acid 
is heated with a clean slip of copper the metal remains perfectly clean 
(WertTHER, RerNscH); but if to one volume of the solution two volumes 
of concentrated hydrochloric acid are added, a gray film is deposited on — 
the copper, as in the case of arsenious acid. The reaction is under these 
circumstances equally delicate as with arsenious acid (REINSCH). a 

8. With zine in presence of* sulphuric acid, with stannous chloride, with — 
potassium cyanide, and before the blowpipe, the compounds of arsenic acid — 
comport themselves in the same way as those of arsenious acid. If the re-_ 
duction of arsenic acid by zinc is effected in a platinum capsule, the plati- 
num does not turn black (difference from antimony). 


9. If a solution of arsenic acid, or of an arsenate soluble in — 
water, is added toa clear mixture of magnesium sulphate, wm- 
monium chloride, and a suflicient quantity of ammonia,* a 
crystalline precipitate of AMMONIUM MAGNESIUM ARSENATE — 


* The ‘‘ magnesia mixture” is prepared by dissolving together 1 part of 
crystallized magnesium sulphate and 2 parts of pure ammonium chloride in & 
parts of water, adding 4 parts solution of ammonia, and filtering after stand- 
ing some days. es) 


; 


er. 
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(NH, Mg AsO,. 6 H, O) separates; from concentrated solu- 
tions immediately, from dilute solutions after some time. Ifa 
small portion of the precipitate is dissolved on a watch-glass ina 
drop of nitric acid, a little silver nitrate added, and the solution 
touched with a glass rod dipped in ammonia, brownish-red 
silver arsenate is formed. Or if a small portion of the precipi- 
tate is dissolved in hydrochloric acid and hydrogen sulphide is 
passed into the solution with warming, a yellow precipitate is 
formed. (Differences between ammonium magnesium arsenate 
and phosphate.) 


§ 134. 


Recapitulation and remarks.—I will here describe first the 
different ways adapted to effect the detection or separation of 


tin, antimony, and arsenic, when present together, and after- 


wards the means of distinguishing between the several oxides 
and acids of the three metals. 

1. If you have a mixture of sulphides of tin, antimony, and 
arsenic, triturate 1 part of it with 1 part of dry sodium car- 
bonate and 1 part of sodium nitrate, and transfer the mixed 
powder gradually to a small porcelain crucible containing 2 
parts of sodium nitrate kept in a state of fusion at a not over- 
strong heat; oxidation of the sulphides ensues, attended with 
slight deflagration. The fused mass contains stannic oxide, 
sodium arsenate and antimonate, with sodium sulphate, carbon- 
ate, nitrate, and nitrite. You must take care not to raise the 
heat to such a degree, nor continue the fusion so long, as to lead 


- to decomposition of the sodium nitrite. with formation of 


sodium stannate soluble in water. Upon treating the mass 
_ with a little cold water stannic oxide and sodium antimonate 


~ 


remain undissolved, whilst sodium arsenate and the other salts 


are dissolved. If the filtrate is acidified with nitric acid, and 


heat is applied to remove carbonic and nitrous acids, the 
ARSENIO AcID may be detected and separated, either with silver 
nitrate, according to § 133, 5, or with a mixture of magnesium 


sulphate, ammonium chloride, and ammonia, according to 


§ 133, 9. 

_ Ifthe undissolved residue, consisting of stannic oxide and sodi- 
um antimonate is, after being washed once with cold water and 
three times with dilute alcohol, treated with some hydrochloric 
acid in the lid of a platinum crucible, and a gentle heat ap- 


plied, the mass is either completely dissolved or, if the tin is 
_ present in a large proportion, a white residue is left undis- 
_ solved. If, regardless of the presence of this latter, a frag- 


ment of zinc is added, the compounds are reduced to the me- 


_ tallie state, when the anrrmony will at once reveal its presence 
by blackening the platinum. If, after the evolution of hydro 


gen has nearly stopped, the remainder of the zine is taken 


ea 


a 
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away, and the contents of the lid are heated with some hydro- 
chloric acid, the try dissolves to stannous chloride, whilst the 
autimony is left undissolved in the form of black flakes. The 
tin may then be more distinctly tested in the solution, with 
mercuric chloride, or with a mixture of ferric chloride and 
pein ferricyanide, and the antimony, after solution in a 
ittle aqua regia, with hydrogen sulphide. As this method of 
detecting arsenic, tin, and antimony in presence of each other 
is adopted in the systematic course of analysis, I have here 
simply explained the principle upon which it is based, and re- 
fer for the details of the process to § 185, 


2. If the mixed sulphides, after being freed from the greater part of the 
adhering water, by laying the filter containing them on blotting paper, 
are treated with fuming hydrochloric acid, with application of a gentle 
heat, the sulphides of antimony and tin dissolve, whilst the arsenious sul- 
phide is Jeft almost completely undissolved. By treating this with am- 
monia, and evaporating the solution obtained, with addition of a small 
quantity of sodium carbonate, an arsenical mirror may easily be produced 
from the residue, by means of potassium cyanide and sodium carbonate in 
a stream of carbonic acid gas (§ 132, 13). The solution, which contains 
the tin and the antimony, may be treated as stated in 1. 

If a great excess of antimony is present the latter solution may also be 
mixed with the transparent portion of commercial ‘“ carbonate of ammo- 
nia,” in excess, and boiled; when a large proportion of the antimony will 
dissolve, leaving stannic oxide behind, mixed with but little antimonious 
oxide, in which undissolved residue the tin may now be the more readily — 
detected by the method described in 1 (BLoxam). 

3. If the mixed sulphides are digested at a gentle heat with some solid 
ammonium carbonate and water, arsenious sulphide dissolves, whilst the — 
antimony and tin sulphides remain undissolved. But this separation is 
not quite absolute, as traces of antimony are apt to pass into the solution, 
whilst some arsenious sulphide remains in the residue. The arsenious sul- 
phide precipitating from the alkaline solution upon acidifying this latter 
with hydrochloric acid must therefore, especially if consisting only of a — 
few flakes, after washing, be treated with ammonia, the solution evapo- 
rated, with addition of a small quantity of sodium carbonate, and the resi- 
due fused with potassium cyanide ina stream of carbon dioxide, to make — 
quite sure by the production of an arsenical mirror. The residue, insoluble — 
in ammonium carbonate, should be treated as directed in 2. 

4. If the sulphides of antimony, tin, and arsenic are dissolved in potas- 
sium sulphide, a large excess of a concentrated solution of sulphurous acid 
added, the mixture digested for some time on the water-bath, boiled until 
all sulphurous acid is expelled, then filtered, the filtrate contains all the 
arsenic as arsenious acid (which may be precipitated from it by hydrogen 
sulphide), whilst antimonious sulphide and stannic sulphide are left behind — 
undissolved (BUNSEN). These latter may then be treated as directed in 2. 


a a 


5. In the analysis of alloys, metastannic acid, antimonious — 
oxide, and arsenic acid are often obtained together as a resi- 
Jue insoluble in nitric acid. The best way is to fuse this resi- 
due with sodium hydroxide in a silver crucible, to treat the 
mass with water, and add one-third (by volume) of alcohol; 
then to filter the fluid off from the sodium antimonate, which 
remains undissolveil, and wash the latter with aleohol mixed 
with a few drops of solution of sodium carbonate. In the 
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presence of much tin it is advisable to repeat the above treat- 
ment on the residue, in order to extract all the tin. The fil- 
trate is acidified with hydrochloric acid, and the tin and arse- 
nic are then precipitated as sulphides, with the aid of heat. 
On heating the precipitated sulphides in a stream of hydrogen 
sulphide the whole of the tin is left as sulphide, whilst the ar- 
senious sulphide volatilizes, and may be received in solution of 
ammonia (H. Ross). 


6. For the method of separating antimony and arsenic, and distinguish- 
ing between the two metals, by treating the mirror produced by Marsn’s 
rocess, with hydrogen sulphide, and separating the resulting sulphides 
y means of hydrochloric acid gas, I refer to § 132, 10. Antimony and 
arsenic may, however, when mixed together in form of hydrogen com- 
pounds, be separated also in the following ways. a. Conduct the gases 
mixed with an excess of hydrogen, first through a tube containing glass 
splinters moistened with solution of lead acetate to retain the hydro- 
_ chloric and hydrosulphuric gases, then in a slow stream into a solution of 
silver nitrate. Almost all the antimony in the gas falls down as black sil- 
ver antimonide (Ag; Sb), whilst the arsenic passes into the solution as ar- 
senious acid, with reduction of the silver, and may be detected in the fluid 
as silver arsenite, by cautious addition of ammonia, or—after precipitating 
the excess of silver by hydrochloric acid—by means of hydrogen sulphide. 
Since, however, a little antimony always passes into the solution, the pre- 
 cipitate by hydrogen sulphide must not be put down as arsenious sulphide 
_ without further examination, according to § 132,13. In the precipitated 
silver antimonide, which is often mixed with much silver, the antimony 
may be most readily detected, by heating the precipitate—thoroughly 
freed from arsenious acid by boiling with water—with tartaric acid and 
water to boiling. This will dissolve the antimony alone, which may then 
be readily detected by means of hydrogen sulphide in the solution acidified 
with hydrochloric acid (A. W. Hormann). 6. Conduct the gases mixed 
with an excess of hydrogen through a rather wide glass tube, 3 or 4 inches 
of which are filled with caustic potassa in small lumps. The potassa de- 
composes the antimonetted hydrogen entirely, becoming coated with a lus- 
trous film of metal. The arsenetted hydrogen is on the contrary not de- 
composed, and may be detected readily on its exit, from the tube by the 
production of the arsenical mirror (§ 132, 10) or by its action on solution 
of silver nitrate (DRAGENDORFF). 


7. Stannous and stannic compounds may be detected in 
presence of each other, by testing one portion of the solution 
for the first with mercuric chloride, auric chloride or a mixture 
of potassium ferricyanide and ferric chloride, and another por- 
tion for stannic compounds, by pouring it into a concentrated 
hot solution of sodium sulphate. For the last test the solution 
must not contain much free acid. 
8. Antimonious oxide in presence of antimonic acid may 
be identified by the reaction described in § 131, 9. Antemonic 
acid in presence of antimonious oxide, by heating the oxide, 
_ which must be free from other bodies, with hydrochloric acid 
and potassium iodide (§ 131, 2 and 3). 
9. Arsenious acid and arsenic acid in the same solution may 
be distinguished by means of silver nitrate. If the precipi- 
_ tate contains little arsenate and much arsenite of silver it is | 
 hecessary, in order to identify the former, to add cautiously 
: 13 


“ 


—=aT Sl et” 


194 RARE METALS. GROUP VI. [$ 1385. 
and drop by drop most highly dilute nitric acid, which dissolves _ 
the yellow silver arsenite first. A still safer way to detect 
small quantities of arsenic acid in presence of arsenious acid 
is to precipitate the solution with a mixture of magnesium sul- 
phate, ammonium chloride, and ammonia (§ 132, 9), by which 
means an actual separation of the two acids is effected. Arseni- 
ous acid may be recognized in presence of arsenic acid by the 
immediate precipitation of the acidified solution with hydro- 
gen sulphide in the cold ; also by the reduction of cupric oxide — 
in alkaline solution ; also by the separation of metallic silver — 
by boiling the ammoniacal solution of the silver salts. To — 
ascertain the degree of sulphuration of arsenic in a sulphur — 
salt, boil the alkaline solution of the salt under examination — 
with bismuth hydroxide, filter off from the bismuth trisulphide — 
formed, and test the filtrate for arsenious and arsenic acids. To — 
distinguish between the arsenious and arsenic sulphides, extract 
first the sulphur which may be present by means of carbon 
disulphide, then dissolve the residue in ammonia, add silver — 
nitrate in excess, filter off the silver sulphide, and observe 
whether arsenite or arsenate of silver is formed upon addition 
of ammonia. 


Special Reactions of the rarer Metals of the Sixth Group. 


§ 135. 
a. Intprum, Ir. 198. 


Trmrum is found in combination with platinum and other metals in 
platinum ores; also, and more especially, as a native alloy of osmium and 
iridium. Alloyed with platinum, it has of late been employed for cruci- 
bles, etc. Iridium resembles platinum, but it is brittle; it fuses with 
extreme difficulty. In the compact state, or reduced at a red heat by 
hydrogen, it dissolves in no acid, not even in aqua regia (difference be- 
tween iridium and gold and platinum) ; reduced in the moist way, say by 
formic acid, or largely alloyed with platinum, it dissolves in aqua regia to — 
tetrachloride. Potassium disulphate in a state of fusion will oxidize, but 
not dissolve it (difference between iridium and rhodium). It oxidizes by 
fusion with sodium hydrevide, with access of air, or by fusion with sodium 
nitrate. The sodium periridiate which is formed in this process dissolves 
partially in water; by heating with aqua regia it gives a deep black-red 
solution of iridic sodium chloride, Ir Cly. 2 Na CL 

If iridium powder is mixed with sodium chloride, the mixture heated to 
incipient redness, and treated with chlorine gas, iridic sodium chloride is 
formed, which dissolves in water to a deep red-brown fluid. Potassa, 
added in excess, colors the solutions greenish, a little brownish-black 
iridic potassium chloride precipitating at the same time, If the solution 
is heated, and exposed some time to the air, it acquires at first a reddish 
tint, which changes afterwards to azure blue (characteristic difference be- 
tween iridium and platinum); if the solution is now «vaporated to dry- 
ness, and the residue treated with water, a colorless fluid is obtained, with 
a blue deposit of iridic hydroxide, Ir (O H),, left undissolved. Hydroge 
sulphide in the first. place decolorizes solutions of iridic tetrachloride, 
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iridious chloride, Ir. Cls, is formed, with separation of sulphur, and finally 
brown iridium sulphide precipitates. Ammonium sulphide produces the 
same precipitate, which redissolves readily in an excess of the precipitant. 
Potassium chloride precipitates iridic potassium chloride as a dark-brown 
powder, insoluble in a concentrated solution of potassium chloride. Am- 
monium chloride precipitates from concentrated solutions iridic ammonium 
chloride in the form of a dark-red powder, consisting of microscopic 
octahedrons, insoluble in concentrated solution of ammonium chloride. 
This double-salt (and also the corresponding potassium compound), especi- 
ally when in hot solution, is turned olive-green by potassium nitrite, owing 
to the formation of iridious potassium chloride Irz Cle. 6 K Cl. 6 H: O; this 
double salt crystallizes out on cooling. On heating or evaporating the 
green solution with an excess of potassium nitrite it turns yellow, and 
when boiled deposits a white precipitate which is hardly soluble in water 
and hydrochloric acid. (This reaction may be taken advantage of to 
separate iridium from platinum, Gress.) If the iridic ammonium chloride 
is dissolved in water by boiling, and ovalic acid is added, a reduction to the 
iridious salt takes place, and on this account tlie solution remains clear on 
cooling (here iridium differs from platinum, C. Lea). If stannous chlo- 
fide is added to iridic chloride and the solution is boiled, and then excess 
of potassa is added and the mixture is boiled again, a leather-colored pre- 
cipitate is formed. Ferrous sulphate decolorizes the solution, but does not 
produce a precipitate. Zine precipitates black metallic iridium. On sus- 
pending iridic hydroxide in a solution of potassium sulphite, saturating 
with su/phurous acid and boiling with renewal of the evaporating water 
till all the free sulphurous acid is expelled, the whole of the iridium is 
- converted into insoluble iridic sulphite (any platinum which may be pres- 
ent will remain dissolved as platinous potassium sulphite, C. BrrnBauM). 
Ignited with sodiwm carbonate in the upper oxidizing flame, compounds 
of iridium yield the metal, which when washed out is gray, devoid of lus- 
tre, and without ductility. 


3. MotyBpENUM, Mo. 96. 


_ MotyspenvoM is not largely disseminated in nature, and is found only 
in moderate quantities, more especially as molybdic sulphide MoS, and as 
lead molybdate (yellow lead ore). Since the use of ammonium molybdate 
-asameans of detecting and determining phosphoric acid, molybdenum 
has acquired considerable importance in practical chemistry. Motys- 
DENUM is tin-white and hard; when heated in the air it oxidizes, it is solu- 
ble in nitric acid and very difficult to fuse. The monoxing is black, the 
DIOxIDE is dark-brown. When heated in the air or treated with nitric 
acid the metal and oxides are all converted into TRIoxIpE or molybdic 
anhydride Mo O;. The trioxide is a white porous mass, which in water sepa- 
rates into fine scales, and dissolves to a slight extent as molybdic acid; 
it fuses at a red heat, in close vessels it volatilizes only at a very high tem- 
perature, in the air it volatilizes easily at a red heat and sublimes to trans-. 
parent lamine and needles. On igniting it in a current of hydrogen it is 
first converted into the dioxide, and afterwards by strong and long-con- 
tinued heating into the metal. The non-ignited trioxide dissolves in acids. 
The solutions are colorless; the hydrochloric solution is colored by con- 
tact with zinc soon, on addition of stannous chloride immediately; the 
color being brown, green or blue according to the proportion of reducing 
agent and the concentration of the fluid. Digested with copper the sul- 
phuric acid solution turns blue, the hydrochloric acid solution brown. The 
_ reaction often requires some time. [Molybdic acid heated with a few drops 
of strong sulphuric acid on platinum foil until copious fumes are evolved, 
is converted into molybdous sulphate, and when the mass is allowed to 
cool, and is then breathed upon, it acquires an ultramarine blue color (dis 
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tinction from Ti. W. and. V.; Scuénn, Mascnxe). Ep.] Potassium ferrocyan- 

ide produces a reddish brown precipitate, infusion of' galls a green precipi- 

tate. Hydrogen sulphide, added in small proportion, impartsa blue tint to the 

solutions of trioxide; added in larger proportion it produces a brownish- _ 
black precipitate; the fluid over the latter at first appears green. Butafter 
being allowed to stand for some time, and heated, additional quantities of | 
hydrosulphuric acid being repeatedly conducted into it, the whole of the 
molybdenum present will ultimately though slowly separate as brownish- — 
black molybdenum trisulphide Mo §;. The precipitated molybdenum 
trisulphide dissolves in sulphides of the alkali metals; acids precipitate from 
the sulphomolybdates thus formed molybdenum trisulphide again, appli- 
cation of heat promotes the separation. By heating to redness in the air, 
or by heating with nitric acid, molybdenum sulphides are converted into 
trioxide. If a solution of trioxide in excess of ammonia (i.e. ammonium 
molybdate) is mixed with yellow ammonium sulphide, and boiled for 
some time, a dark-red liquid of great depth of color is formed in addition 
to the brownish-black precipitate, unless a very large excess of ammonium 
sulphide is present. | Potassium sulphocyanate, if added to a solution of — 
trioxide or of a molybdate containing hydrochloric acid, produces no — 
color until zinc is added, when the fluid becomes crimson; the coloration — 
is due to the formation of a sulphocyanate of molybdenum. Phosphoric 
acid does not destroy the color (difference from ferric sulphocyanate). 
On shaking the red fluid with ether, the latter becomes colored (C. D. 
Brawn). 

To recognize molybdenum in presence of ferric oxide and nitrogen tetrox- — 
ide, which likewise give a red color with potassium sulphocyanate, the 
solution is treated with sulphurous acid or an alkali sulphite and hydrochklorie 
acid, until no coloration is produced in it by potassium sulphocyanate alone. 
Ferric oxide is thus reduced to ferrous oxide, and nitrogen tetroxide to a 
lower oxide. On now adding solution of potassium sulphocyanate and a 
fragment of zinc, the reaction at once becomes manifest.—(EpIToR.) 

[Molybdic solutions acidified with dilute hydrochloric acid impart a_ 
brown tint to turmeric paper.—(A. Mituer.) (Compare zirconia and borie 
acid). Ep.] 

Molybdenum trioxide dissolves readily in solutions of alkalies and alkali 
carbonates ; from concentrated solutions nitric acid or hydrochloric acid 
throws down molybdic acid (Mo O: (O H)s ?), which redissolves in a large 
excess of the precipitant. The solutions of molybdates of the alkali metals” 
are colored yellow by hydrogen sulphide, and give afterwards, upon addi- 
tion of acids, a brownish-black precipitate. For the deportment of molyb-— 
dic acid with orthophosphoric acid and ammonia, see § 142, 10. : 
_ Molybdenum trioxide volatilizes when heated on charcoal in the ozi- 
dizing flame, coating the charcoal with a yellow, often crystalline, powder, 
which turns white on cooling. In the reducing flame the acid suffers re- 
duction to the metallic state, the molybdenum is obtained as a gray 
powder by elutriating the charcoal support. Molybdenum sulphide gives 
in the oxidizing flame sulphur dioxide end an incrustation of molybdenum 
trioxide on the charcoal. 7. 


c. TUNGSTEN, W. 184. 


This metal most commonly occurs in nature in the forms of calciun 
tungstate and of the ferrous manganous tungstate called wolfram. Ob- 
tained by the reduction of tungstic oxide in a current of hydrogen at al 
intense red heat, it is an iron-gray powder, very difficultly fusible. Thit 
powder is. converted by ignition in the air into tungstic oxide (or anhy 
dride) (W O3); by ignition in a current of dry air-free chlorine into dark 
violet hexachloride (W Ole) which sublimes, and the still more volatile re 
peutachloride. These chlorides are decomposed by water into the corre 
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sponding hydroxides and hydrochloric acid. Tungsten is insoluble ot 
scarcely soluble in acids, even in aqua regia, and also in potassa; it dis- 
solves, however, in the latter if mixed with sodium hypochlorite. Tune- 
STEN DIOXIDE is brown; by intense ignition with free access of air it is 
converted into tungstic oxide (trioxide). TuNastic oxIDE is lemon-yel- 
low, fixed, insoluble in water and acids. By fusing tungstic oxide with 
potassium disulphate, and treating the fused mass with water, an acid 
solution is obtained, which contains no tungstic acid ; after the removal of 
this solution the residue, consisting of potassium tungstate and a large ex- 
cess of tungstic acid, completely dissolves in water containing ammonium 
carbonate (means of separating tungstic from silicic acid). Alkali tung- 
states soluble in water are formed readily by fusion with alkali carbonates, 
but with difficulty by boiling with solution of the same. . Hydrochloric 
acid, nitric acid, and sulphuric acid produce in the solution of these tung 
states white precipitates of tungstic acid (W O (O H),) which turn yellow 
(W O. (O H)2) on boiling and are insoluble in an excess of the acids (dif- 
ference from molybdic acid), but soluble in ammonia. Upon evaporating 
with an excess of hydrochloric acid to dryness, and treating the residue 
with water, the tungstic acid is left undissolved. Bariwm chloride, cal- 
cium chloride, lead acetate, silver nitrate, mercurous nitrate produce white 
precipitates. Potassium ferrocyanide, with addition of some acid, colors 
the fluid deep brownish-red, and after some time produces a precipitate of 
the same color. Tincture of galls, with a little acid added, produces a 
brown precipitate. Hydrogen sulphide barely precipitates acid solutions. 
Ammonium sulphide fails to precipitate solutions of alkali tungstates ; 
upon acidifying the mixture light-brown trisulphide precipitates, which is 
slightly soluble in pure water, but insoluble in water containing salts. 
Stannous chloride produces a yellow precipitate ; on acidifying with hydro- 
chlorie acid, and applying heat, this precipitate acquires a beautiful blue 
color (highly delicate and characteristic reaction). If solutions of alkali 
tungstates are mixed with hydrochloric acid, or better still, with an excess 
of phosphoric acid, and zinc is added, the fluid acquires a beautiful blue 
color. Fusing sodium metaphosphate dissolves tungstic oxide. The bead, 


_ exposed to the oxidizing flame, appears clear, varying from colorless to 


yellowish; in the reducing flame it acquires a pure blue color, and upon 
addition of ferrous oxide a blood-red color. By mixing with a little sodi- 


um carbonate, and exposing in the cavity of the charcoal support to the 


reducing flame, tungsten in powder is obtained, which may be separated 
by washing. The tungstates which are insoluble in water may, most of 
them, be decomposed. by digestion with acids. Wolfram, which strongly 
resists the action of acid, is fused with alkali carbonate, when water will 


‘dissolve out of the fused mass the alkali tungstate formed, 


d. TELLURIUM, Te. 128. 


TeLLuRiIvM is not widely disseminated, and is found in small quantities 
only in the native state, or alloyed with other metals, or as tellurous oxide. 
It is a white, brittle, but readily fusible metal, which: may be sublimed in 
a glass tube. Heated in the air it burns with a greenish-blue flame, emit- 
ting thick white fumes of tellurous oxide. Tellurium is insoluble in hydro- 
chloric acid, but dissolves readily in nitric acid to tellurous oxide (Te Oz). 


Tellurium in powder dissolves in cold concentrated sulphuric acid to a 


purple-colored fluid, from which it separates again upon addition of water. 


TELLUROUS OXIDE is white; ata gentle red heat it fuses to a yellow fluid ; 


it is yolatilized by strong ignition in the air, forming no crystalline subli- 
mate. It dissolves readily in hydrochloric acid, sparingly in nitric acid, 
- freely in solution of potassa, slowly in ammonia, barely in water. TEL- 
_ JUROUS HYDROXIDE (H, Te O;) or TELLUROUS ACID is white ; it is perceptibly 


ei ‘soluble in cold water, and dissolves in hydrochloric acid and in nitric acid, 


4 
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forming tellurous chloride (Te Cls) and nitrate (Te (N O:).). Addition of 
water to these salts throw down the hydroxide again, and from the nitric 
acid solution tellurous oxide separates after some time as a crystalline 
precipitate. | Alkalies and alkali carbonates throw down from tellurium 
chloride solution white hydroxide which is soluble in an excess of the pre- 
cipitant. Hydrogen sulphide produces in acid solutions a brown precipi- 
tate of TELLUROUS SULPHIDE (Te Su, in color like stannous sulphide), which 
dissolves very freely in ammonium sulphide. Sodiwm sulphite, stannous 
chloride, and zine precipitate black metallic tellurium. By fusing tellurium 
or tellurites with alkali nitrates and carbonates ALKALI TELLURITES (¢.g.. 
Na: Te O;) are formed. The fused mass is soluble in water. The solution 
remains clear upon acidifying with hydrochloric acid in the cold; but 
upon boiling chlorine is disengaged, and tellurous chloride formed, and the _ 
solution is therefore now precipitated by water if the excess of acid is not 
too great. If tellurium, its sulphide, or an oxygen compound of the meta} 
is fused with potassium cyanide in a stream of hydrogen, a tellurium potas- 
sium cyanide is formed. The fused mass dissolves in water, but a current 
of air throws down from the solution the whole of the tellurium (difference 
and means of separating tellurium from sclenium). When tested in the 
dry way by Bunsen’s method (p. 26) the compounds of tellurium give a 
grayish-blue color in the upper reducing flame, while at the same time the 
upper oxidizing flame appears green. The volatilization is unaccompanied 
by any odor. The incrustation produced by reduction is black, with a 
blackish-brown edge, and gives « crimson solution when heated with con- 
centrated sulphuric acid. The inerustation of’ oxide is white, scarcely visi- 
ble: stannous chloride colors it black, metallic tellurium being separated. 
When heated with sodium carbonate in the stick of charcoal, compounds of 
tellurium yield sodium telluride, which when placed on clean silver and 
moistened produces a black stain, and when treated with hydrochlorie 
acid (in the presence of enough tellurium) gives an odor of telluretted 
hydrogen with separation of tellurium. 


e. SELENIUM, Se. 79:4. 


SELENIUM occurs in nature in the form of selenides of metals. It is 
found occasionally in the dust of roasting-furnaces, and also in the Nord- 
-hausen oil of vitriol. It resembles sulphur in some respects, tellurium in 
others. Fused selenium is grayish-black ; it volatilizes at a high tempera- — 
ture, and may be sublimed. Heated in the air it burns to selenious oxide — 
(Se O2), exhaling a characteristic smell of decaying horse-radish. Concen- 
trated sulphuric acid dissolves selenium without oxidizing it; upon di- 
luting the solution the selenium falls down in red flakes.. Nitric acid and — 
aqua regia dissolve selenium to SELENIOUs AcID (Se O (O H)2). When the — 
solution of the latter is evaporated it loses water and is converted into se-— 
lenious oxide, which, at 200°, volatilizes as a yellow gas. Sublimed sele 
‘nious oxide appears in form of white four-sided needles, selenious acid in 
the form of crystals resembling those of potassium nitrate. Selenious ox- 
ide dissolves in water to selenious acid, making a strongly acid fluid. Of | 
the normal salts only those with the alkali metals are soluble in water; the 
solutions have alkaline reactions. All selenites dissolve readily in nitric 
acid, with the exception of the selenites of lead and silver, which dissolve — 
with difficulty. Hydrogen sulphide produces in solutions of selenious acid 
or of selenites (in presence of free hydrochloric acid) a yellow precipitate of | 
SELENIUM SULPHIDE (?), which, upon heating, turns reddish-yellow, sol- 
uble in ammonium sulphide. Barium chloride produces (after neutraliza- 
tion of the free acid, should any be present), a white precipitate of BARTUM 
SELENITE, which is soluble in hydrochloric acid and in nitric acid. Stan- 
nous chloride or sulphurous acid, with addition of hydrochloric acid, pro- 
duces a red precipitate of seELENIUM, which turns gray at a high tempera 
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ture. Metallic copper, when placed in a warm solution of selenious acid 
containing hydrochloric acid, becomes immediately coated black; if the 
fluid remains long in contact with the copper, it turns light red from sepa- 
ration of selenium (RErINscH). By heating selenium or its compounds with 
alkali carbonates and nitrates, alkali seLENATES are formed. The fused 
mass dissolves in water; the solution remains clear upon acidifying with 
hydrochloric acid; when concentrated by boiling, it evolves chlorine, 
whilst the selenic acid (Se O2 (O H)2) is reduced to seleniousacid. By fusing 
selenium orits compounds with potassium cyanide inastream of hydrogen gas, 
a selenium potassium cyanide is obtained, from which the selenium is not 
eliminated by the action of the air (as is the case with tellurium); it sepa- 
rates, however, upon long-continued boiling, after addition of hydrochloric 
acid. When tested according to p. 26, compounds of selenium give a 
blue color to the flame, and by volatilization and combustion of the vapor 
the above-mentioned odor is emitted. The incrustation produced by reduc- 
tion is brick-red to cherry-red, and gives a dirty green solution with con- 
centrated sulphuric acid. The incrustation of oxide is white, and when 
moistened with stannous chloride becomes red from separated selenium. 
In the charcoal stick with sodiwm carbonate sodium selenide is formed, 
which when placed on silver and moistened produces a black stain, and 
when treated with acids yields selenetted. hydrogen. 


B.—DeporrmMenr oF tHe Actips AND THEIR Rapicats.* 
§ 136. 


The reagents which serve for the detection of the acids are 
divided, like those used for the detection of the metals, into 
GENERAL REAGENTS, 7.¢., such as indicate the @rour to which the 
acid under examination belongs; and SPECIAL REAGENTS, 7.¢., 
such as serve to effect the identification of the inprvipuAL ACIDs. 
These acid groups can scarcely be defined with the same de- 
gree of precision as those into which the bases are divided. 

The two principal groups are those of Inorganic and ORGANIC 
acips. We base this division upon those characteristics by 
which the ends of analysis are most easily attained. We call 
organic those acids of which the salts—(particularly those of 
an alkali or an alkali-earth metal)—are decomposed upon igni- 
tion, with separation of carbon. A most simple preliminary 


experiment thus determines the class to which an acid belongs. 


The salts of organic acids with alkali or alkali-earth metals are 

converted into carbonates when heated gently to redness. 
Before proceeding to the special study of the several acids, 

i give here a general view * the whole of them classified in 


- groups. 


J. Inorganic Acis. 
FIRST GROUP: 
Division a Chromic acid (sulphurous and thiosulphurie¢ 
acids, iodic acid). . 
* Compare pp. 41-43. 
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Division b. Sulphuric acid (hydrofiuosilicic. acid). 

Division ¢. Phosphoric acid, Sorte acid, oxalic acid, hydro 
Jtuorve acid (phosphorous acid). 

Division d. Carbonic acid, silicic acid. 

SECOND GROUP ! 

Chlorine and hydrochloric acid ; bromine and hydrobromic 
acd ; iodine and hydriodic acid ; cyanogen 
and hydeocyanie acid, together with hydroferro- 
and hydroferricyanic acids ; sulphur and hy- 
drosulphurie acid (hydrogen sulphide) (nitrous 
acid, cs pochlorous acid, chlorous acid, hypo- 
phosphorous acid). 

THIRD GROUP: 

Nitric acid, chlorie acid (perchloric acid). 


I]. Oreanic Acrps. 
FIRST GROUP! 
Oualie acid, tartaric acid, citric acid, malic acid (racemic 
acid) 
SECOND GROUP: 
Suceinic acid, benzoic acid. 
THIRD GROUP? ; 
Acetic acid, formie acid (lactic acid, propionic acid, butyric 
acid). 


The acids printed in italics are more frequently met with in 
the examination of minerals, waters, ashes of plants, industrial 
products, medicines, etc.; the others are more rarely met with. 


I. Inoreanic Acris. 
§ 137. 
First Group. 


Acips WHICH ARE PRECIPITATED FROM NeEvuTRAL SoLuTIONS BY — 


Barium Cuioriwe. 


This group is again subdivided into four divisions, viz. :_ 


sulphide, and to which attention has therefore been directed 
already in the testing for bases, viz., cuRromic acip (sulphur- 


ous acid and thiosulphuric acid, the latter because it is de 


comosed and detected by the mere addition of hydrochlorie 


. Acids which are decomposed in acid solution by hydrogen — 
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acid to the solution of one of its salts; and also iodic¢ 
acid).* 

2. Acids which are not decomposed in acid solution by hydro- 
sulphuric acid, and the barium compounds of which are in- 
soluble in hydrochloric acid: sutpHuRic acm (hydrofluosi- 
licie acid). 

8. Acids which are not decomposed in acid solution by hydro- 
sulphuric acid, and the barium compounds of which dissolve 
in hydrochloric acid, apparently without decomposition, in- 
asmuch as the acids cannot be completely separated from the 
hydrochloric acid solution by heating or evaporation: PHos- 
PHORIC ACID, BORIC ACID, OXALIC ACID, HYDROFLUORIC ACIP 
(phosphorous acid). (Oxalie acid belongs more properly to 
the organic group. We consider it, however, here witb the 
acids of the inorganic class, as the property of its salts to be 
decomposed upon ignition without actual carbonization may 
lead to its being overlooked as an organic acid). 

4, Acids which are not decomposed in acid solution by hydro- 
sulphuric acid, and the barium salts of which are soluble in 
hydrochloric acid with separation of the acid: caRBonic AcID, 
SILICIO AOID. 


First Division of the First Group of the Inorganic Acids. 


§ 138, 
Curomio Aci, Cr O, (O H),t (Cr. 52.5.) 


1. CuroMIuM TRIOXIDE Or CHROMIC ANHYDRIDE appears as a 
scarlet crystalline mass, or in the form of distinct acicular 
erystals. Upon ignition it is resolved into chromic oxide, Cr, O,, 
and oxygen. It deliquesces rapidly upon exposure to the air. 
It dissolves in water, imparting to the fluid a deep reddish- 
yellow tint, which remains visible in very dilute solutions. 

2. The curomares are all red or yellow, and for the most 
part insoluble in water. Part of them are decomposed upon 
ignition. Those with alkali bases are soluble in water; the 
solutions of the normal alkali chromates, ¢g., K, Cr O,}, are 
yellow, those of the alkali dichromates (anhydrochromates 
or “ bichromates ”) e.g., K, Cr,O,§ are reddish-yellow. These 

* To this first division of the first group of inorganic acids belong properly 
also all the oxygen compounds of a distinctly pronounced acid character, which 
have been discussed already with the Sixth Group of the metals (acids of arse- 
nic, antimony, selenium, etc.). But as the reaction of these compounds with 
hydrosulphuric acid tends to lead to confounding them rather with other met- 
uls than with other acids, it appeared the safer course to class these com- 
pounds with the metallic radicals. ‘ 

+ The radical, Cr O., so analogous to S O2, appears incapable of uniting with 
hydroxyl, since not only is chromic acid unknown as a distinct substance, but 
no chromates containing basic hydrogen exist. 


_OK Or Or-0 K 
$0r0.<0 § 0.<GF Or—0 K = Ki, Or 0,, Cr On 
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tints are visible in highly dilute solutions. The yellow colo 
of the solution of a normal salt changes to reddish-yellow on 
the addition of an acid. 

38. Hydrosulphurie acid acting upon the acidified solution 
produces first a brownish coloration of the fluid, then a green 
coloration, arising from the formation of a chromic salt; this 
change of color is attended with separation of sulphur, which 
imparts a milky appearance to the fluid [K, Cr, O, + 4 (H, 8 O,) 
+3 H,S=K,8 0,4+ Cr, 6 O),+38+7 H, Oj. Heat 
promotes this reaction, part of the sulphur being in that case 
converted into sulphurie acid. 

4. Ammonium sulphide, when added in excess to a solution 
of an alkali dichromate, immediately produces a ripen 
green precipitate of CHROMIC HYDROXIDE; on boiling the whole of 
the chromium separates as green chromic hydroxide. In a soln- 
tion of normal potassium chromate at first a dark brownish 
coloration alone is produced, but the bluish-gray-green precipi- 
tate above mentioned soon separates. 


5. Chromic acid may also be reduced to chromic oxide by means of 
many other substances, and more particularly by sulphurous acid, by heat- 


ing with concentrated hydrochloric acid, or with the dilute acid and alco- 
hol (in which case ethyl chloride and aldehyde are evolved), by metallic 
zine, by heating with tartaric acid, owalic acid, etc. All these reactions are 
clearly characterized by the change of the red or yellow color of the solu- 
tion to the green or violet tint of the chromic salt. 

6. Barium chloride produces in aqueous solutions of chro 
mates a yellowish-white precipitate of BARIUM CHROMATE, 
Ba Cr O,, soluble in dilute bpanctione and nitric acids. 

7. Silver nitrate produces in aqueous solutions of chromates 
a dark purple-red precipitate of smvER curomatrn, Ag, Cr O,, 
soluble in nitric acid and in ammonia; in slightly acid solutions 
it produces a precipitate of smvER picHRoMATE, Ag, Cr, O,. 

8. Lead acetate produces in an aqueous or acetic acid solu- 
tion of a chromate a yellow precipitate of LEAD CHROMA‘E, 
Pb Cr O,,* soluble in potassa, sparingly soluble in dilute nitrie 
acid, insoluble in acetic acid. Upon heating with alkalies the 
yellow normal salt is converted into red diplumbic chromate, 

b, Cr O,.+ 

9. If a very dilute acid solution of hydrogen dioxidet (about 6 or 8 c.c.) 
is covered with a layer of ether (about half a centimetre thick), and a 
fluid containing chromic acid is added, the solution of hydrogen dioxida 
acquires a fine blue color. By inverting the test-tube, closed with the 


* Or 0,<0>Pb. + Pb Cr 0,. PbO = 0<5>—-Or Gro, 
0 Pp—o> OF ¢ 


¢ Solution of hydrogen dioxide may be easily prepared by triturating a 
fragment of barium dioxide (about the size of a pea) with some water, and 
adding it with stirring to a mixture of about 30 ¢c.c. hydrochloric acid, and 
120 c.c. water. The solution keeps a long time without suffering decomposi- 
tion. In default of barium dioxide impure sodium dioxide may be used in- 
stead, which is obtained by heating a fragment of sodium in a porcelain cap: 
sule until it takes fire, and letting it burn. 
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thum) repeated:y, without much shaking, the solution becomes colorless, 
whilst the ether acquires a blue color. The latter reaction is particularly 
characteristic. One part of potassium chromate in 40,000 parts <£ water 
suffices to produce it distinctly (SroRER) ; presence of vanadic acid mate- 
rially impairs the delicacy of the test (WERTHER).* The cause of thia 
blue coloration is not certainly kuown. After some time the ether is de- 
colorized. 

10. If insoluble chromates are fused with sodium carbon- 
ate and natrute, and the fused mass is treated with water, the 
fluid obtained appears yellow from the alkali chromate which 
it holds in solution ; upon the addition of an acid the yellow 
color changes to reddish-yellow. The bases are left either as 
oxides or carbonates, unless they are soluble in the sodium 
hydroxide formed from the nitrate. 

_ 11. The alkali chromates show the same reactions with 
sodium metaphosphate and with borax in the blowpipe flame, 
as chromic oxide and chromium salts. 

12. Very minute quantities of chromic acid may be detected by one of 
the following methods: a. mix with the fluid, slightly acidified with sul- 
phuric acid, a little tincture of guaiacum (1 part of the resin to 100 parts 
of alcohol of 60 per cent.) when an intense blue coloration of the fluid 
will at once make its appearance, specdily vanishing again, however, 
where mere traces of chromic acid are present (H. Scurrr); 0. mix the 
solution of the alkali chromate, which must be as neutral as possible, with 
some dilute decoction of logwood, when a very intense black coloration 
will be produced ; in the presence of exceedingly small quantities of chro- 
mic acid the color is violet-red (R. WmLDENSTEIN). 

Chromic acid being reduced by hydrosulphuric acid to chro- 
mic oxide, this acid is in the course of analysis always found 
in the examination for bases. The intense color of the solu- 
tions containing chromic acid, the excellent reaction with 
hydrogen dioxide, and the characteristic precipitates produced 
by solutions of lead salts and silver salts, afford moreover ready 
means for its detection. For the discovery of traces of chro- 
mium present in many minerals, for instance in serpentine, the 
reactions in 12. may be used after the mineral has been fused 
with sodium carbonate and nitrate. 


Rarer Acids of the First Division. 


§ 139. 
a. SutpHuRovus Acrp, H:S Os. 


SULPHUR DIOXIDE or SULPHUROUS ANHYDRIDE, § On, is a colorless, unin- 
flammable gas, which has the stifling odor of burning sulphur. It dis- 
solves copiously in water. The solution, in which we may assume the ex- 
istence of suLPHUROUS acID, H.SOs, has the odor of the gas, reddens 
litmus-paper, and bleaches Brazil-wood paper. Sulphurous acid absorbs 
oxygen from the air, and is thereby converted into sulphuric acid. The 
salts are colorless. Of the normal sulphites, those with alkali »ase only 


* Journ, f. prakt. Chem, 83, 195. 
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are readily soluble in water; many of the sulphites insoluble or sparingly 
soluble in water dissolve in an aqueous solution of sulphurous acid, but 
fall down again on boiling. All the sulphites evolve sulphur dioxide 
when treated with sulphuric acid. Chlorine water dissolves most sulphites 
to sulphates. Bariwm chloride precipitates normal sulphites, but not free 
sulphurous acid. The precipitate dissolves in hydrochloric acid. Hydro- 
sulphuric acid decomposes the free sulphurous acid, water and pentathio- 
nie acid being formed with separation of sulphur. If to a solution of 
sulphurous acid, mixed with an equal volume of hydrochloric acid, a 
piece of clean copper wire is added, and the mixture is boiled, the copper 
appears black, as if covered with soot, if much sulphurous acid is pres- 
ent; but only dull if a little is present (H. Rernscn). If a trace of sul- 
phurous acid or of a sulphite is introduced into a flask in which hydro- 
gen is being evolved from zine or aluminium and hydrochloric acid, hydro- 
sulphuric acid is immediately evolved along with the hydrogen, and the 
gas now produces a black coloration or » black precipitate in a solution 
of lead acetate to which has been added a sufficient quantity of soda to 
redissolve the precipitate which forms at first. Sulphurous acid is a pow- 
erful reducing agent: it reduces chromic acid, permanganic. acid, mercu- 
ric chloride (to mercurous chloride), decolorizes iodized starch, produces 
a blue precipitate in a mixture of potassium ferricyanide and ferric chlo- 
ride, etc. With a hydrochloric acid solution of stannous chloride a yellow 
precipitate of STANNIC SULPHIDE is formed after some time. If an aque 
ous solution of an alkali sulphite is mixed with acetic acid just to give 
it an incipient acid reaction, and is then added to a relatively large 
amount-of solution of zine sulphate mixed with a very small quantity of 
sodium nitroprusside, the fluid acquires a red color if the quantity of the 
sulphite present is not too inconsiderable, but when the quantity of the 
sulphite is very minute the coloration makes its appearance only after 
addition of some solution of potassium ferrocyanide. If the quantities 
are not altogether too minute, a purple-red precipitate will form upon the 
addition of the potassium ferrocyanide (BO6DEKER). Thiosulphates of the 
alkalies do not show this reaction. 


b. THIosuLPHURIC (HyposuLPHUROUS) ActpD, Hs 82 Os. 


This acid does not exist in the free state. Most of its salts are soluble 
in water. The solutions of most thiosulphates may be boiled without suf- 
fering decomposition ; calcium thiosulphate is resolved upon boiling into 
calcium sulphite and sulphur. If hydrochloric acid or sulphuric acid is 
added to the solution of a thiosulphate, the fluid remains at first clear and 
inodorous, but after a short time—the shorter the more concentrated the 
solution—it becomes more and more turbid, owing to the separation of 
sulphur, and exhales. the odor of sulphur dioxide, Application of heat 
promotes this decomposition. Silver nitrate produces a white precipitate 
of SILVER THIOSULPHATE, which is soluble in an excess of the thiosul- 
phate; after a little while (upon heating almost immediately) this precipi- 
tate turns black, being decomposed into silver sulphide and sulphuric acid. 
Sodium thiosulphate dissolves silver chloride; upon the addition of an 
acid the solution remains clear at first, but after some time, and immedi- 
ately upon boiling, silver sulphide separates.. Barium chloride produces 
a white precipitate, which is soluble in much water, more especially hot 
water, and is decomposed hy hydrochloric acid. Ferric chloride colors the 
solutions of alkali thiosulphates reddish-violet (here they differ from alkali 
sulphites) ; on standing the liquid loses its color, especially when heated, 
ferrous chloride being formed. Acidified solution of chromic acid is im- 
mediately reduced by thiosulphates, iodized starch is at once decolorized 


With zinc or aluminium and hydrochloric acid the thiosulphates behave 


like the sulphites 
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Where it is required. to find sulphites and thiosulphates of the alkali 
metals in presence of alkali sulphides, as is often the case, solution of 
zinc sulphate is first added to the fluid until the sulphide is decomposed : 
the zinc sulphide is then filtered off, and one part of the filtrate js ‘ested 
for thiosulphuric acid by addition of hydrochloric acid, another portion 
for sulphurous acid with sodium nitroprusside, etc. 


e. Ioptc Acrp, HI Os. 


Iopre acrp crystallizes in white, six-sided tables or rhombic crystals; at 
a moderate heat it is resolved into iodine vapor and oxygen ; it is readily 
soluble in water. The salts are decomposed upon ignition, being resolved 
either into oxygen and a metallic iodide, or into iodine, oxygen, and me- 
tallic oxide: the iodates with an alkali base alone dissolve readily in 
water. Barium chloride throws down from solution of iodates of the 
alkali metals a white precipitate of BARIUM IoDATE, which is soluble in 
nitric acid ; silver nitrate a white granular-crystalline precipitate of sILVER 
IODATE which dissolves readily in ammonia, but only sparingly in nitric 
acid. Hydrosulphuric acid throws down from solutions of iodic acid 
IODINE, which then dissolves in hydriodic acid; the precipitation is at- 
tended with separation of sulphur. If an excess of hydrosulphuric acid 
is added, the fluid loses its color, and a further separation of sulphur 
takes place, the iodine being converted into hydriodic acid. Iodic acid 
combined with bases is also decomposed by hydrosulphuric acid. Sul- 
phurous acid throws down I0DINE, which upon addition of an excess of 
the acid is converted into hydriodic acid. Addition of pure H Cl or 
H. SO, to an iodate in presence of KI causes separation of iodine which 
tinges the liquid yellow and may be further identified with starch paste. 


Second Division of the First Group of the Inorganic Acids. 
| Sutrnvric Aci, H,S8 O,, (S. 32.) 


§ 140. 


1. SuLpHuR TRIOXIDE or SULPHURIC ANHYDRIDE, S O,, is a white 
feathery-crystalline mass which emits strong fumes upon ex- 
posure to the air; sutpuurtc aor, H,S O,, forms an oily liquid, 
colorless and transparent like water. Both the anhydride and 
the acid char organic substances, and combine with water in all 
proportions, the process of combination being attended with 
- considerable elevation of temperature, and in the case of the 
anhydride with a hissing noise. 

2. The normal suLpHAres are readily soluble in water with 
the exception of the sulphates of barium, strontium, calcium, 
and lead. The basic sulphates of the heavy metals which are 
insoluble in water dissolve in hydrochloric acid or in nitric acid. 
Most of the sulphates are colorless or white. The sulphates of 
the alkali metals are not decomposed by ignition. The other 
sulphates are acted upon differently by a red heat,some of them 
being readily decomposed, others with difficulty, and some resist- 
ing decomposition altogether. 

8. Barium chloride produces even in exceedingly dilute solu- 
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tions of sulphuric acid and of the sulphates a finely pulverulent. 
heavy, white precipitate of Barrum sutpHatE (BaS O,), insolu- | 
ble in dilute hydrochloric and nitric acids. From very dilute 
solutions the precipitate separates only after standing for some 
time. Concentrated acids and concentrated solutions of many 
salts impair the delicacy of the reaction. 

4. Lead acetate produces a heavy white precipitate of Leap 
sutpHATE (PbS O,) which is sparingly soluble in dilute nitric 
avid, but dissolves completely in hot concentrated hydrochloric 
acid. 

5. The sulphates of the alkali-earth metals which are insoluble 
in water ey acids are converted into carBonatrs, by fusion 
with alkali carbonates. But lead sulphate yields Leap oxipE 
when treated in this manner. In both cases an alkali sulphate 
is formed. The sulphates of the alkali-earth metals and of 
lead are also resolved into insoluble carbonates and soluble 
alkali sulphate by digestion or boiling with concentrated solu- 
tions of carbonates of the alkali metals (comp. §§ 95, 96, 97). 

6. Upon fusing sulphates with sodium carbonate on charcoal 
in the inner flame of the blowpipe, or heating them in the stick 
of charcoal (p. 27) in the lower reducing flame, the sulphuric 
acid is reduced, and sodium sulphide formed, which may be 
readily recognized by the odor of hydrosulphuric acid emitted 
upon moistening the sample and the part of the charcoal into 
which the fused mass has penetrated, and adding some acid. 
If the fused mass is transferred to a clean silver plate, ora 
polished silver coin, and then moistened with water and some 
acid, a black stain of silver sulphide is immediately formed. 
(Compounds of tellurium and selenium give the same reaction.) 


Remarks.—The characteristic and exceedingly delicate reac- 
tion of suLrHuURIC aciD with barium salts renders the detec- 
tion of this acid an easier task than that of almost any other. 
It is simply necessary to take care not to confound with barium 
sulphate precipitates of barium chloride, and particularly of 
barium nitrate, which are formed upon mixing aqueous solu- 
tions of these salts with fluids containing a large proportion of 
free hydrochloric acid or free nitric acid. It is very easy to 
distinguish these precipitates from barium sulphate, since they _ 
redissolve immediately upon diluting the acid fluid with water. 
It is a rule that should never be departed from, in testing for 
sulphuric acid with barium chloride, to dilute the fluid largely ; 
a little hydrochloric acid should also be added, which counter- 
acts the adverse influence of many salts, as, for instance, citrates 
of the alkali metals. Where very minute quantities of sulphu- 
ric acid are to be detected the fluid should be allowed to stand 
several hours at a gentle heat; the trace of barium sulphate 
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formed will in that case be found deposited at the bottom of 
the vessel. When the least uncertainty exists abo.it the nature 
of the precipitate produced by barium chloride in presence of 
hydrochloric acid, the reaction in 6, will at once set all doubt 
at rest. In looking for very small quantities of sulphuric acid 
in the presence of much hydrochloric or nitric acid, the greater 

art of the latter should first be evaporated off or neutralized. 
Io detect free sulphuric acid in presence of a sulphate the 
fluid is mixed with a very little cane-sugar, and evaporated to 
dryness in a porcelain dish at 100°. If free sulphuric acid was 
present a black residue remains, or in the case of most minute 
quantities, a blackish-green residue. Other free acids do not 
decompose cane-sugar in this way. 


§ 141. 
Hyproruvosiicic Acip, 2HF. Si Fy. 


Hydrofluosilicic acid is a very acid fluid; upon evaporation on platinum 
it volatilizes completely as silicon fluoride and hydrofluoric acid. When 
evaporated in glass it etches the latter. With bases it forms water and 
silico-fluorides of the metals, which are most of them soluble in water, red- 
den litmus-paper, and are resolved upon ignition into metallic fluorides 
and silicon fluoride. Barium chloride forms a crystalline precipitate with 
~ hydrofluosilicic acid (§ 95, 6). Strontiwm chloride and lead acetate form 
no precipitates with this acid. Potassium salts precipitate transparent 
gelatinous POTASSIUM SILICO-FLUORIDE; ammonia in excess precipitates 
SILICIC ACID, with formation of ammonium fluoride. By heating metallic 
silico-fluorides with concentrated sulphuric acid dense fumes are emitted in 
the air, arising from the evolution of hydrofluoric and silicofluoric gas. If 
the experiment is conducted in a platinum vessel covered with glass the 
fumes Ercu the glass (§ 146, 5,: the residue contains the sulphates formed. 


Third Division of the First Group of the Inorganic Acids. 


§ 142. 


a. Puosruorus, P. 31, ann Orrnopnospnorto Acid or TRI- 
HYDROGEN Puospuate, H,P O, or PO(O H),. 


1. Common puospHorts is a colorless, transparent, solid body, 
of 1.84 specific gravity; it has a _— appearance. Taken in- 
ternally it acts as a virulent poison. It fuses at 44.3°, and boils 
at 290°. By the influence of light, phosphorus kept under 
water turns first yellow, then red and is finally covered with a 
white crust. If phosphorus is exposed to the air at the com- 
mon temperature, it exhales a highly characteristic and most 
disagreeable odor, copious fumes being evolved which are lumin- 
ous in the dark. These fumes are formed by oxidation of the 
vapor of phosphorus, and consist of phosphoric and phosphor- 
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ous acids. When the air is moist, ozone, hydrogen dioxide, and 
ammonium nitrite are produced at the same time. DPhospho 
rus very readily takes fire, burning with a luminous flame te 
hosphori¢ oxide, which appears in the form of white fumes. 

y the protracted influence of light, or by heating to 250°, 
phosphorus is converted into RED (so-called amorphous) Pyos- 
PpHoRUs. Red phosphorus does not alter in the air, it is not 
luminous, its inflammability is much decreased, and it has a 
specific gravity of 2.1. Nitric acid and nitrohydrochloric acid 

issolve phosphorus pretty readily upon heating. The solutions 
contain at first, besides phosphoric acid, also phosphorous acid. 
Hydrochloric acid does not dissolve phosphorus. If phospho- 
rus is boiled with solution of soda or potassa, or with milk of 
lime, hypophosphites and phosphates are formed, whilst spon- 
taneously inflammable phosphoretted hydrogen gas escapes. If 
a substance containing unoxidized phosphorus is placed at the 
bottom of a flask, and a slip of paper moistened with solution 
of silver nitrate is by means of a cork loosely inserted into the 
mouth suspended inside the flask, and a gentle heat applied 
(from 30° to 40°), the paper slip will turn black in consequence 
of the reducing action of the phosphorus fumes, even though 
only a most minute quantity of the phosphorus should be 
present. If after the termination of the reaction the blackened 
part of the paper is boiled with water, the nndecomposed_por- 
~ tion of the silver salt precipitated with hydrochloric acid, the 
fluid filtered, and the filtrate evaporated as far as practicable 
on the water-bath, the presence of phosphoric acid in the resi- 
due may be shown by means of the reactions described below. 
(J. <heca ye It must be borne in mind that the silver salt is 
blackened also by hydrosulphurie acid, formic acid, volatile 
products of putrefaction, etc., and also that the detection of 
phosphoric acid in the slip of paper can be of value only where 
the latter and the filtering paper were perfectly free from 
phosphorus. As regards the deportment of phosphorus upon 
boiling with dilute sulphuric acid, and in a hydrogen evolution 
apparatus supplied with zine and dilute sulphuric acid, see 
§ 220. 

2. Puosrnoric OXIDE (PHOSPHORIC ANHYDRIDE), P, O,, is a 
white, snowlike mass, which rapidly deliquesces in the air. 
When treated with water it hisses like a red-hot iron, and is at 
first only partially dissolved, in time, however, the solution is 
complete. It forms with water and bases three series of com: 
pounds, viz., with three molecules of water or of base, ortho- 
phosphoric acid or common phosphates, ¢.g., P, O, + 8 H,O = 
2 [P O (O H),];. with two molecules of water or of base, py- 
rophosphorie acid or pyrophosphates; with one molecule of 
water or of base, metaphosphoric acid or metaphosphates. As 
the meta- and pyrophosphoric acids are comparatively rare 
they will be treated in a supplemental patageees 
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3. The orrnornosproric actp*, P O (O H),, forms colorless 
and pellucid crystals, which deliquesce rapidly in the air to a 
syrupy non-caustic liquid. The action of heat changes it intc 
meta- or pyrophosphoric acid, according as either one or two 
molecules of water are expelled. Ieated in an open plati- 
num dish orthophosphorie acid, if pure, volatilizes completely, 
though with difficulty, in white fumes. Orthophosphorie acid 
forms three series of salts, monometallic, dimetallic, or mono- 
hydric, and trimetallic, according to the extent to which its 
hydroxyl is replaced by basic radicals.t 

4, The action of heat fails to decompose the orrnopHos- 
PHATES with fixed bases, but converts them into’ pyrophos- 
phates if they contain one hydroxyl or one ammonium, and into 
metaphosphates if they contain two hydroxyls or other vola- 
tile radicals. Of the normal orthophosphates those with 
alkali base alone are soluble in water. The solutions manifest 
alkaline reaction. If pyro- or metaphosphates are fused with 
excess of sodium carbonate, the fused mass vontains only ortho: 
phosphates. 

5. Bariwm chloride does not precipitate aqueous solutions 
of orthophosphoric acid. In aqueous solutions of dimetallic 
phosphates of the alkali metals it produces a white precipitate 
of HYDROGEN BARIUM PHOSPHATE, Ba H PO,. In solutions of 
trimetallic (normal) phosphates it gives white TRIBARIUM PHOs- 
PHATE, Ba, (P O,),t. Both precipitates are soluble in hy- 


* Tne names phosphoric acid and phosphates, when not qualified by prefixes, 
apply to the ortho compounds. 
_ + The univalent basic radicals form three phosphates, ¢.9., 
Na 


trimetallic, POO Na trisodium phosphate. 
\o Na 


H 
monohydric or dimetallic, P 00 Na hydrogen disodium phosphate. 
O Na 


H 
monometallic, P 00 H_ sodium dihydrogen phosphate. 
O Na 
_ ¢ Barium and other bivalent basic radicals, with or without hydrogen,. 
‘form three phosphates, viz. : 


trimetallic, Oo. Ba tribarium phosphate (basic phosphate of baryta).. 
é ai >Ba 
fo H 
monohydric, P 0-9L 8 a hydrogen barium phosphate (neutral phosphate 
No * of baryta), 
La. POCOH 
_- ‘monometallic, O. Ba tetrahydrogen barium phosphate (acid phosphate 
[ee P ars H of baryta). 
cc \o H 
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drochloric and nitric acids, but sparingly soluble in chloride of 
ammonium. 

6. Solution of caleiwm sulphate produces in neutral or al- 
kaline solutions of phosphates, but not in solutions of phos- 
phorie acid, a white precipitate of HYDROGEN CALCIUM PHOSs- 
puatE, Ca H PO,, or of vrricatctum puospHAtE, Ca; (P QO)),, 
which dissolves readily in acids, even in acetic acid, and is sol- 
uble also in ammonium chloride. 

7. Magnesium sulphate produces in concentrated solutions of 
dimetallic alkali phosphates, a white precipitate of HYDROGEN 
MAGNESIUM PHOSPHATE, Mg H P O, + Aq., which often separ- — 
ates only after some time ; upon boiling, a precipitate of rRmtAc- 
nesium PHosPHATE, Mg, (P O,), 4+- 24 Aq., is thrown down im- 
mediately. The latter precipitate forms also upon addition of — 
magnesinm sulphate to the solution of a trimetallic alkali phos- 
phate. But if a mixture* of magnesium sulphate and ammonia 
with sufficient ammonium chloride to hold in solution or to re- — 
dissolve magnesium hydroxide is added to a solution of phos- 
phoric acid or of an alkali phosphate, a white, crystalline, and 
quickly subsiding precipitate of AMMONIUM MAGNESIUM PHOS- 
ruatr, N H, Mg PO, + 6 Aq., is formed, even in highly di- 
lute solutions. This precipitate is insoluble in ammonia, and 
most sparingly soluble in ammonium chloride, but dissolves 
readily in acids, even in acetic acid. It makes its appearance 
often only after the lapse of some time; stirring promotes its 
separation (§ 98, 8). The reaction can be considered decisive 
only if no arsenic acid is present (§ 183, 9). 

8. Silver nitrate throws down from solutions of di- and tri-— 
metallic alkali phosphates a light-yellow precipitate of sILVER 
puospHATE, Ag, P O,, which is readily soluble in nitric acid 
and in ammonia. If the solution contained a trimetallic phos- 
phate the fluid in which the precipitate is suspended manifests 
a neutral reaction; whilst the reaction is acid if the solution 
contained a dimetallic phosphate. The acid reaction in the 
latter case arises from the circumstance that the nitric radical 
receives, for the 8 atoms of silver which it yields to the phos- 
phoric acid, only 2 atoms of alkali metal and 1 atom of hydro- 
gen K, H PO, + 3(AgN O,)=Ag, PO, +2 (KN Os) + Of 

9. If to a solution containing phosphoric acid and the least 
possible excess of hydrochloric or nitric acid a tolerably large 
amount of sodium acetate is added, and then a drop of ferree 
chloride, a yellowish-white, flocculent-gelatinous precipitate of 
FERRIO PHOSPHATE, (Fe, (P O,), + 2 aq.) is formed. An excess 
of ferric chloride must be avoided, as ferric acetate (of red 
color) would thereby be formed, in which the precipitate is 
not insoluble. This reaction is of importance, as it enables us 
to detect phosphoric acid in phosphates of the alkali-earth me 
tals; but it can be held to be decisive only if no arsenic acid 


* See note p. 190. 
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present, as this shows the same reaction. To effect the com. 
plete separation of phosphoric acid from the alkaliearth me- 
tals a sufficient quantity of ferric chloride is added to impart a 
reddish color to the solution, which is then boiled (whereby the 
whole of the iron is thrown down, partly as phosphate, partly 
as basic acetate), and filtered hot. The filtrate contains the al- 
kali-earth metals as chlorides. If you wish to detect, by means 
of this reaction, phosphoric acid in presence of a large pro- 
portion of ferric salts, boil the hydrochloric acid solution with 
sodium sulphite until the ferric chloride is reduced to ferrous 
chloride, as indicated by decoloration; add sodium carbonate 
until the fluid is nearly neutral, then sodium acetate, and finally 
one drop of ferric chloride. The reason for this proceeding is, 
that ferrous acetate does not dissolve ferric phosphate, 

10. When 2 or 3 drops of a neutral or acid solution contain- 


_ ing phosphorie acid, and free from chlorides, are poured into a 


test tube filled to the depth of $ to 1 inch with solution of am- 
monium molybdate in nitric acid (§ 55), there is formed in the 
cold, either immediately or after the lapse of a short time, un- 
less the solution under examination contains only a very minute 
amount of phosphoric acid, a pulverulent pale-yellow precipi- 
tate of AMMONIUM PHOSPHO-MoLyBDATE, 10 Mo O, + PO, (N H,)s 


_ + 13H, O is formed, which gathers upon the sides and bottom 


of the tube. If the precipitate does not appear within a few 


_ minutes, the operator may add cautiously and by degrees, more 


of the substance to be tested. Only when the phosphoric acid 
is present in exceedingly minute quantity, e.g., 0°00002 grm., is 
it requisite to wait some hours and to apply a gentle heat, not 
to exceed 40° C., before the precipitate appears. When other 
coloring matters are not present, the liquid above the precipi- 
tate is colorless. It is indispensable not to add too much of 


the solution tobe tested for phosphoric acid, as the yellow pre- 


¢ipitate is soluble in phosphoric and other acids (and therefore 


_ is not formed) unless a considerable excess of the molybdic so- 


lution be present. A yellow coloration of the liquid is not to 


be regarded as proof of the presence of phosphoric acid. 


By operating in the manner above described, there is no 
danger of mistaking any other substance for phosphoric acid 5 
because, arsenic acid gives in the cold, no precipitate with the 
molybdie solution, thongh a yellow precipitate is formed on 
heating and especially on boiling (the liquid above the arseni- 
eal precipitate has a yellow color), and silicic acid does not re- 
act at all in the cold, though on heating it causes a strong yel- 
low coloration, but gives no precipitate. 


_ The puospHo-MoLyBDATE OF AMMONIUM contains only a small 


z amount (about 1:9 per cent.) of ruospHorus. — Its formation is 
_ prevented not only by excess of phosphoric acid, but likewise by 
certain organic substances, ¢.g., tartaric acid. The precipitate 


is easily recognized even in dark-colored liquids, by giving it 
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time to settle. If it be washed with the same molybdie solu. 
tion employed in producing it (in which it is totally insoluble) 
and be then dissolved in ammonia, addition of “ magnesia mix: 
ture” (see note p. 190), to the solution will throw down am- 
mronium magnesium phosphate. 

11. If a finely-powdered substance containing phosphoric. 
acid (or a metallic phosphide) is intimately mixed with 5 parts of 
a flux consisting of 3 parts of sodium carbonate, 1 part of sodium 
nitrate, and 1 part of silicic acid, the mixture fused in a plati- 
num spoon or crucible, the fused mass boiled with water, the 
solution obtained decanted, ammonium carbonate added to it, 
the fluid boiled again, and the silicic acid which is thereby pre- 
cipitated filtered off, the filtrate now holds in solution alkali 
phosphate, and may accordingly be tested for phosphoric acid 
as directed in 7, 8, 9, or 10. 

12. On igniting and pulverizing a substance containing phos- 
phoric acid, placing it into a tube of the thickness of a straw 
and sealed at one end, adding a fragment of magnesium wire 
about two lines long (or a small piece of sodium), which should 
be covered by the sample, and then heating, a vivid incandes- 
cence will be observed and magnesium (or sodium) phosphide 
will be formed. When the black contents of the tube are — 
crushed and moistened with water they exhale the characteristic — 
odor of phosphoretted hydrogen. (WinKELBLECH, Bunsen.) 

13. White of egg is not precipitated by solution of orthophos- — 
phoric acid, nor by solutions of orthophosphates mixed with 
acetic acid. 


§ 148. 


a. Pyrophosphoric acid or tetrahydrogen phosphate, H,P20O7. Thesolution — 
of pyrophosphoric acid is converted by boiling into solution of orthophos-— 
horicacid,H, P2 O; + He O= 2 (Hs P Ox). Thesolutions of the salts bear 
eating without suffering decomposition ; but upon boiling with a strong 
acid the pyrophosphoric acid is converted into orthophosphoric acid. If 
the salts are fused with sodium carbonate in excess orthophosphates are 
produced. Of the tetra-metallic pyrophosphates only those with alkali base 
are soluble in water; the acid salts, ¢ g., Naz Hz Ps Or, are by ignition | 
converted into metaphosphates, ¢g., Na POs. Barium chloride fails te 
precipitate the free acid; from solutions of the salts it precipitates white 
BARIUM PYROPHOSPHATE, Baz P2: O;,soluble in hydrochloric acid. Siler 
nitrate throws down from a solution of the acid, especially upon addition 
of an alkali, a white earthy-looking precipitate of stLVER PYROPHOSPHATE, 
Ag, Ps O1,which is soluble in nitric acid-and in ammonia. Magnesium 
_ sulphate precipitates MAGNESIUM PYROPHOSPHATE, Mg» Ps O;. The precip- 
itate dissolves in an excess of the pyréphosphate, as well as in an excess 
of the magnesium sulphate. Ammonia fails to precipitate it from these so- 
lutions. Upon boiling the solution it separates again (means of detecting 
pyrophosphoric acid in presence of phosphoric acid). A concentrated solu: 
tion of luteo-cobaltic chloride added to an alkali pyrophosphate produces an 
immediate precipitation of pale reddish-yellow spangles. (Here pyrophos- 
phoric acid differs from phosphoric and metaphosphoric acids. ©. D. 
Braun.) White of egg is not precipitated by solution of the acid, nor by 
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solutions of the salts mixed with acetic acid. Ammonium molybdate, with 
addition of nitric acid fails to produce a precipitate. 

b. Metaphosphoric acid. Five sorts of metaphosphates are known, and 
the acids also corresponding to most of these have been produced. The 
several reactions by which to distinguish between these I will not enter 
upon here, and confine myself to the simple observation that the meta- 
phosphoric acids differ from the pyro- and orthophosphoric acid in this. 
that the solutions of the metaphosphoric acids precipitate white of egg at 
once, and the solutions of their salts after addition of acetic acid. Those 
acids and salts which are precipitated by silver nitrate produce with that 
reagent a white precipitate. A mixture of magnesium sulphate, ammonium 
chloride and ammonia fails to precipitate the metaphosphoric acids and 
their salts, or produces precipitates soluble in ammonium chloride. All 
metaphosphates yield upon fusion with sodium carbonate, sodium ortho- 
vhosphate. 


§ 144, 
b. Boric or Boractc Aci. B(OH), (B. 11). 


1. Boric oxipr, B, O,, is a colorless, fixed glass, fusible at a 
red heat. Orrnozoric acip, B (O H),, appears as small, scaly 
crystals; on heating to 100° C., it is transformed into meta- 
boric acid, BO O H, a porous white mass. Orthoboric acid 
is soluble in water and in alcohol; upon evaporating the solu- 
tions a large proportion of boric acid volatilizes along with the 
aqueous and alcoholic vapors. The solutions redden litmus- 
paper, and impart to turmeric-paper a faint brown-red tint, 
which acquires intensity upon drying. The borates are not 
decomposed upon ignition; those with alkali bases alone are 
readily soluble in water. The solutions of borates of the al- 
kali metals are colorless, and all of them, even those of the acid 
salts, manifest alkaline reaction. 

2. Barium chloride produces in solutions of borates, if not 
too highly dilute, white precipitates of BARIUM BoraTE, which 
are soluble in much water as well asin acids and ammonium 
salts. The composition of this precipitate depends upon that 
of the borates in whose solutions they are formed as well as 
‘upon the temperature and dilution of the liquid. 

3. Calcium chloride deports itself toward solutions of borates 
the same as barium chloride. 

4, Silver nitrate produces in concentrated solutions of borax, 
_a white precipitate which dissolves in a large amount of water. 
If the borax solution is first diluted with nearly enough water 
_ to dissolve the silver borate, the addition of silver nitrate pro- 
‘duces a brown precipitate of silver oxide. All these precipi- 
tates dissolve in nitric acid and in ammonia. 

_ 5. If dilute sulphuric acid or hydrochloric acid is added to 
highly concentrated, hot prepared solutions of alkali borates, 
_ 9RTHOBORIC AcID separates upon cooling, in tle form of shining 
_ erystalline scales. 

6. I£ alcohel is poured over free boric acid or a borate-—with 
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addition, in the latter case, of a sufficient quantity of concen 
trated sulphuric acid to liberate the boric acid, and the alco 
hol is kindled, the flame appears of a very distinct YELLOWwIsH- 
GREEN color, especially upon stirring the mixture; this tint is 
imparted to the flame by the boric acid which volatilizes with 
the alcohol. The delicacy of this reaction may be considerably 
heightened by heating the dish which contains the alcoholic 
mixture, kindling the alcohol, allowing it to burn for a short 
time, then extinguishing the flame, and afterwards rekindling 
it. At the first flickering of the flame its borders will now ap- 
pear green, even though the quantity of the boric acid be so 
minute that it fails to produce a perceptible coloring of the 
flame when treated in the usual manner. As salts of copper 
also impart a green tint to the flaine of alcohol, the copper 
which might be present must first be removed by means of 
hydrogen sulphide. Presence of metallic chlorides also may 
lead to mistakes, as the ethyl chloride formed in that case col- 
ors the borders of the flame bluish-green. 

7. If a solution of boric acid, or of a borate of an alkali 
metal or of an alkali-earth metal, is mixed with hydrochloric — 
acid to slight, but distinct, acid reaction, and a slip of turmeric 

aper ishalf dipped into it, and then dried on a watch glass at 
100°, the dipped half shows a peculiar rep tint (H. Roser). 

This reaction is very delicate ; care must be taken not to con: 
found the characteristic red coloration with the blackish-brown 
color which turmeric-paper acquires when moistened with — 
rather concentrated hydrochloric acid, and then dried; nor 
with the brownish-red coloration which ferric chloride, or a_ 
hydrochloric acid solution of ammonium molybdate or of zir-_ 
conia, gives to turmeric-paper, more particularly upon drying. 
By moistening turmeric-paper reddened by boric acid with a_ 
solution of an alkali or an alkali carbonate, the color is changed 
to bluish-black or greenish-black ; but a little hydrochloric acid _ 
will at once restore the brownish-red color (A. Voerr, H. 
Lupwie). ; 

8. If a substance containing bori¢e acid is reduced to a fine 
powder, this with addition of a drop of water, mixed with 3— 
parts of a flux composed of 44 parts of potassium disulphate 
avd 1 part of finely pulvertind calcium fluoride, free from 
boric acid, and the paste exposed on the loop of a platinum 
wire in the outer mantle of the Bunsen gas flame, or at the 
apex of the inner flame of the blowpipe, boron fluoride escapes, 
which imparts to the flame—though only for an instant —a green 
tint. With readily decomposed compounds the reaction may 
be obtained by simply moistening the sample with hydrofluo- 
silicic acid, and holding it in the flame. a 

9. Borie acid or borates, fused with sodium carbonate on the 
loop of a platinum wire, give, when placed in the flame of the 
spectrum apparatus, a spectrum of four well marked lines of 


§ 145.] DIV. UI.—OXALIO ACID. 215 


equal width, equidistant from each other. B, is brilliant yel- 
lowish-green (coinciding with Ba y), B, is brilliant light-green 
(coinciding with Ba 8), B, is pale bluish-green (nearly coincid: 
ing with the blue barium line), B, is blue, very pale, close te 
Sr 6 (Smamxr). 


g 145. 
e. Oxatio Aci, C,H, O, = C,0, (OH), = 0* 


1. Oxaric act is a white powder; the crysTaLiizeD ao, 
C, H, O, + 2 H, O, forms colorless rhombie prisms. Both dis- 
solve readily in water and in alcohol. By heating rapidly in 
open vessels part of the acid undergoes decomposition, whilst 
another portion volatilizes unaltered. ‘The fumes of the vol- 
atilizing acid are very irritating and provoke coughing, If 
the acid is heated in a test-tube part of it sublimes unaltered. 

2. The oxatatxs undergo decomposition at a red heat yield- 
ing carbon monoxide and carbon dioxide. The oxalates of the 
alkali metals, and of barium, strontium and calcium are in this 
process converted into carbonates (if pure, and if the heat is 
gentle, almost without separation of charcoal). Magnesium 
oxalate is converted into magnesia even by a very gentle red 
heat. The other metallic oxalates leave either the pure metal 
or an oxide behind, according to the reducibility of the metal- 
lic oxide. The alkali metal oxalates, and some others are 
soluble in water. 

3. Barium chloride produces in neutral solutions of alkali 
oxalates a white precipitate of Bartum oxaLaTE Ba ©, O,, which 
dissolves very sparingly in water, more readily in water con- 
taining ammonium chloride, acetic acid, or oxalic acid, freely 
in nitric acid and in hydrochloric acid ; ammonia precipitates 
it from the latter solutions unaltered. i 

4. Silver nitrate produces in solutions of oxalic acid and of 
alkali oxalates a white precipitate of sttver oxaLaTe Ag, C, 
O,, which is readily soluble in concentrated hot nitric acid and 
also in ammonia, but dissolves with difficulty in dilute nitric 
acid, and is most sparingly soluble in water. 

5. Lime water and all the soluble calciwm salts, including 
solution of calewum sulphate, produce in even highly dilute 
solutions of oxalic acid or of oxalates of the alkalies, white 
finely pulverulent precipitates of catcrum oxaLatr, Ca C, O, + 
H, O, and sometimes Ca OC, O, + 3 H, O, which dissolve readily 
in hydrochloric acid and in nitric acid, but are nearly insoluble 


COOH COONa 
* Oxalic acid = 1 ; Sodium oxalate = 1 ¢ 
OOH COONa 
Hy. COOH coo 
drogen sodium oxalate = 1 ; Calcium oxalate =| >Ca, 
: COONa’ coo 
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in oxalic acid and in ¢ «etic acid, and practically insoluble in 
water. The presence .f ammonium salts does not interfere 
with the formation of these precipitates. Addition of amimo- 
nia considerably promotes the precipitation of free oxalic acid 
by calcium salts. In highly dilute solutions the precipitate is 
only formed after some time. 

6. If oxalic acid or an oxalate, in the dry state, is heated 
with an excess-of concentrated sulphuric acid, it is decomposed 
into CARBON MONOXIDE and CARBON DIOXIDE, with formation of 
water or a sulphate if a base be present, the two gases escaping 
with effervescence, ¢. g., C. H, O, = CO+C O, + H,O. If the 
quantity operated upon is not too minute the carbon monoxide 
may be kindled ; it burns with a blue flame. Should the sul- 
phuric acid acquire a dark color in this reaction, this is a proof 
that the oxalic acid contained some organic substance in 
admixture. 

7. If oxalic acid or an oxalate is mixed with finely pulver- 
ized manganese dioxide (which must be free from carbonates), 
a little water added and a few drops of sulphuric acid, a lively 
effervescence ensues, caused by escaping CARBON DIOXIDE, 
CG, H, O, + MnO, + H,SO,=2C0,+2H,0 + MnSO, 

8. If oxalates of alkali-earth metals are boiled with a con- 
centrated solution of sodium carbonate, and filtered, sodium 
oxalate is obtained in the filtrate, whilst the precipitate con- 
tains the base as carbonate. With oxalates of heavy metals, 
this operation is not always sure to attain the desired object, as 
many of these oxalates, ¢. g., nickel, ferric and chromic oxalates, 
will partially dissolve in the alkaline fluid, with formation of 
double salts. Metals of this kind should therefore be separa- 
ted as sulphides. 


§ 146. 
d. Hyprortvoric Acmw, I F. (F. 19.) 


1. Hyprortvoric acip is a colorless corrosive gas, which 
fumes in the air, and is freely absorbed by water. Aqueous 
hydrofluoric acid is distinguished from all other acids by the 
property of dissolving crystallized silicic oxide, and ‘also the 
silicates which are insoluble in hydrochloric acid. Hydrofluo- 
silicic acid and water are formed in the process of solution, 
si0O,+ 6 HF=H,8iF, +2 H,O. With metallic oxides 
and hydroxides hydrofluoric acid forms metallic fluorides and 
water. 

2. The rtvorwes of the alkali metals are soluble in water ; 
the solutions have an alkaline reaction. The fluorides of the 


metals of the alkali-earths are either .nsoluble or very difficultly — 


‘soluble in water. Aluminium fluoride is readily soluble. Most 


of the fluorides of the heavy metals are very sparingly soluble 
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in water, as the fluorides of copper, lead, and zinc; many 
others dissolve in water without difficulty, as the ferric, stan- 
nous and mercurous fluorides. Many of the fluorides insoluble 
or difficultly soluble in water dissolve in hydrofluoric acid ; 
others do not. Most of the fluorides bear ignition in a cruci- 
ble without suffering decomposition. 

3. Barium chloride precipitates aqueous solutions of hydro- 
fluoric acid, but much more completely solutions of fluorides 
of the alkalies. The bulky white precipitate of BARruM FLUO- 
RIDE (Ba F,) is almost absolutely eA in water, but dis 
solves in large quantities of hydrochloric acid or nitric acid, 
from which solutions ammonia fails to precipitate it, or throws 
it down only very incompietely, owing to the dissolving action 
of the ammonium salts. 

4, Calcium chloride produces in aqueous solutions of hydro- 
fluoric acid or of fluorides a gelatinous precipitate of caLctum 
FLuoRIDE (Ca F;), which is so transparent as at first to induce 
the belief that the fluid has remained perfectly clear. Addi- 
tion of ammonia promotes the complete separation of the pre- 
cipitate. The precipitate is practically insoluble in water, and 
only very slightly soluble in hydrochloric acid and nitric acid 
in the cold; it dissolves somewhat more largely upon boiling 
with hydrochloric acid. Ammonia produces no precipitate in 
the solution, or only a very trifling one, as the ammonium salt 
formed retains it in solution. Calcium. fluoride is scarcely 
more soluble in hydrofluoric acid than in water. It is insoluble 
in alkaline fluids. 

5. If a finely pulverized fluoride, no matter whether soluble 
or insoluble, is treated in a platinum crucible with just enough 
concentrated sulphuric acid to make it into a thin paste, the 
crucible covered with the convex face of a watch-glass of hard 
glass coated with beeswax, which has been removed again in 
some places by tracing lines in it with a pointed piece of wood, 
the hollow of the glass filled with water, and the crucible gen- 
tly heated for the space of half an hour or an hour, the ex- 
posed lines will, upon the removal of the wax, be found more 
or less deeply xrcuxp into the glass. (The coating is made by 
heating the glass cautiously, putting a small piece of wax upon 
the convex face, and spreading the wax equally as it melts. 
The wax is removed by heating the glass gently, and wiping 
with paper.) If the quantity of hydrofluoric acid disengaged 
by the sulphuric acid was very minute, the etching is often in- 
visible upon the removal of the wax; it will, however, in such 
cases appear when the glass is breathed upon. This appear- 
ance of the etched lines is owing to the unequal capacity of 
evndensing water which the etched and the untouched parts of 
the plate respectively possess. The impressions which thus 
appear upon breathing on the glass may, however, owe their 
drigin to other causes; therefore, though their non-appearance 
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may be held as a proof of the absence of fluorine, their appear- 
ance is not a positive proof of the presence of that element. At 
all events, they ought only to be considered of value where 
they can be developed again after the glass has been properly 
washed with water, dried, and wiped.* 

This reaction fails if there is too much silicic oxide or of a 
silicate present, or if the substance is not decomposed by sul- 
phuric acid. In such cases one of the two following methods 
is resorted to, according to circimstances. 

6. If we have to deal with a fluoride decomposable by sul- 
phuric acid, but mixed with a large proportion of silicic oxide 
or of a silicate, the fluorine in it may be detected by heating the 
mixture in a test-tube with concentrated sulphuric acid, as ¥1.v0- 


SILICIC GAS (Or SILICON FLUORIDE Si F,) is evolved in this process, — 


which forms dense white fumes in moist air. If the gas is con- 
ducted into water through a bent tube moistened inside, the latter 
has its transparency more or less impaired, owing to the separa- 
tion of silicic acid. If the quantity operated upon is rather con- 
siderable, silicic acid separates in the water, and the fluid is 
rendered acid by hydrofluosilicic acid. Compare § 146, 1. 

The following process answers best for the detection of small 
quantities of fluorine: Heat the substance with concentrated 
sulphuric acid in a small flask closed with a cork with double 
perforation, bearing two tubes, one of which reaches to the 
bottom of the flask, whilst the other terminates immediately 
under the cork. Conduct through the longer tube a slow stream 
of dry air into the flask, and conduct this, upon its reissuing 
through the other tube, into a U tube’ containing a little dilute 
ammonia, and connected at the other end with an aspirator. 
The silicon fluoride which escapes with the air, decomposes 
with the ammonia, more particularly upon the application of a 
gentle heat towards the end of the process, ammonium fluoride 
and silicic acid being formed. Filter, evaporate in a platinum 
crucible to dryness, and examine the residue by 5. For more 
difficultly decomposable substances potassium disulphate is 
used instead of sulphuric acid, and the mixture, to which some 
marble is added (to insure a continuous slight evolution of 
gas), heated to fusion, and kept in that state for some time. 

7. Silicates not decomposable by sulphurie acid must first be 
fused with four parts of sodium carbonate. The fused mass is 
treated with water, the solution filtered, the filtrate concen- 


* J. Nicki&s states that etchings on glass may be obtained with all kinds 
of sulphuric acid, and, in fact, with all acids suited to effect evolution of 
hydrofluoric acid. I have tried watch-glasses of Bohemian glass with sulphu- 
ric and other acids, but could get no etchings in confirmation of this state- 
ment. Still, proper caution demands that before using the sulphuric acid, it 
should first be positively ascertained that its fumes will not etch glass, 
Should the sulphuric acid contain hydrofluoric acid, the latter may be easily 
removed by diluting with an equal volume of water and evaporating in a 
platinum dish to the original strength. 


4 
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trated by evaporation, allowed to cool, transferred to a platinum 
vessel, hydrochloric acid added to feebly acid reaction, and the 
fluid allowed to stand until the carbon dioxide has escaped. It 
is then supersaturated with ammonia, heated, filtered ints a 
bottle, calcium chloride added to the still hot fluid, the bottle 
closed, and allowed to stand at rest. If a precipitate separates 
after some time it is collected on a filter, dried, and examined 
by the method described in 5 (IJ. Ross). 


8. Minute quantities of metallic fluorides in minerals, slags, &c., may 
also be readily detected by means of the blowpipe. Bend a piece of plati- 
num foil, and insert it in a glass tube as shown in fig. 42, introduce ‘the 
finely triturated substance mixed with 
fused and powdered sodium metaphos- 
phate, and let the blowpipe flame play 
upon it so that the products of combus- 
tion may pass into the tube. A metal- Fe. 42 
lic fluoride treated in this way yields Circe 
hydrofluoric acid gas, which betrays its presence by its pungent odor, the 
dimming of the glass tube (which becomes perceptible only after cleaning 
and drying), and the yellow tint which the acid air issuing from the 
tube imparts to a moist slip of Brazil-wood paper * (BERzELIUs, SMITH- 
son). When silicates containing metallic fluorides are treated in this man- 
ner gaseous silicon fluoride is formed, which also colors yellow a moist 
slip of Brazil-wood paper inserted in the tube, and leads to silicic acid be- 
ing deposited within the tube. After washing and drying the tube, it ap- 
pears here and there dimmed. A small quantity of a fluoride present in a 
mineral containing water may generally be detected by heating the sub- 
stance by itself in.a glass tube sealed at one end and inserting a slip of 
Brazil-wood paper in the tube ; under the circumstance the paper will usu- 
ally turn yellow (BERZELIUS). 


§ 147. 


Recapitulation and remarks.—The barium compounds of the acids ot 
the third division are dissolved by hydrochloric acid, apparently without 
decomposition; alkalies therefore reprecipitate them unaltered, by neutral- 
izing the hydrochloric acid. The barium compounds of the acids of the first 
division show, however, the same deportment ; these acids, must, therefore, 
if present, be removed before any conclusion regarding the presence of 
phosphoric acid, boric acid, oxalic acid, or hydrofluoric acid, can be drawn 
from the reprecipitation of a barium salt by alkalies. But even leaving 
this point altogether out of the question no great value is to be placed on 
this reaction, not even so far as the simple detection of these acids is con- 
cerned, and far less still as regards their separation from other acids, since 
ammonia fails to reprecipitate from hydrochloric acid solutions the barium 
salts in question, and more particularly barium borate and barium fluoride, 
if the solution contains any considerable proportion of free acid or of an 
ammonium salt. 


Borie acid is well characterized by the coloration which it 
imparts to the flame of alcohol, and also by its action on turmeri¢ 
paper. The latter reaction is more particularly suited for the 
detection of very minute traces. Heavy metals, if present, are 


4 pose by moistening slips of fine printing-paper with decoction of 
-wood. 
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most conveniently removed first by hydrosulphuric acid or am- 
monium sulphide. Before proceeding to concentrate dilute so- 
lutions of boric acid the acid must be combined with an alkali, 
otherwise a large portion of it will volatilize with the aqueous 
vapors. Small quantities of boric acid may also be safely and 
easily detected by the spectroscope. 

The detection of phosphoric acid in compounds soluble in 
water is not difficult; the reaction with magnesium sulphate, 
&c., is the best adapted for the purpose. The detection of 
phosphoric acid in insoluble compounds cannot be effected by 
means of magnesium solution. Ferric chloride (§ 142, 9) is 
well suited for the detection of phosphoric acid in its salts with 
the alkali-earth metals, and more particularly for the separa- 
tion of the acid from the alkali-earth metals; the nitric acid 
solution of ammonium molybdate is more especially adapted to 
effect the detection of phosphoric acid in presence of alumini- 
um and iron. I must repeat again that both these reactions 
demand the strzctest attention to the directions given. If pres- 
ent in combination with oxides of the fourth, fifth, or sixth 
group, phosphoric acid may be separated by the method given 
§ 14%, 11, or by precipitating the bases with hydrosulphurie 
acid or ammonium sulphide. 

Oxalic acid may always he easily detected in aqueous solu- 
tions of oxalates of the alkalies, by solution of calcium sulphate. 
The formation of a finely pulverulent precipitate, insoluble in 
acetic acid, leaves hardly a doubt on the point, as racemic acid 
alone, which occurs so very rarely, gives the same reaction. In 
case of doubt the calcium oxalate may be readily distinguished 
from the racemate, by simple ignition, with exclusion of air, 
as the decomposed racemate leaves a considerable proportion of 
charcoal behind; the racemate dissolves moreover in cold so- 
lution of potassa or soda, in which calcium oxalate is insoluble. 
The deportment of the oxalates with sulphuric acid, or with 
manganese dioxide and sulphuric acid, affurds also sufficient 
means to confirm the results of other tests. In insoluble salts 
the oxalic acid is detected most safely by decomposing them by 
boiling with solution of sodium carbonate, or by hydrosulphurie 
acid or ammonium sulphide (§ 145, 8). I must finally also call 
attention here to the fact that there are certain soluble oxalates” 
which are not precipitated by calcium salts; these are more 
particularly chromic oxalate and ferric oxalate. Their non- 
precipitation is owing to the circumstance that these salts form 
soluble double salts with calcium oxalate. \ 

Hydrofluoric acid is readily detected in salts decomposable 
by sulphuric acid; only it must be borne in mind that an over 
large proportion of sulphuric acid impedes the free evolution — 
of Aye stiles gas, and thus impairs the delicacy of the reac- 
tion; also that the glass cannot be distinctly etched if, instead 
of hydrofluoric acid, silicon fluoride alone is evolved; and 
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therefore, in the case of compounds abounding in silicon, the 
safer way is to mY, besides the reaction given § 146, 5, also the 
one given in 6. In silicates which are not decomposed by sul- 
phurie acid, the presence of fluorine is often overlooked, be- 
cause the analyst omits to examine the compound carefully by 
the method given in 7. 


§ 148, 
PuospHorovus Actp, Hs P Os. 


Phosphorous oxide (P2 Os) is a white powder, which admits of sublima- 
tion, and burns when heated in the air. It forms with a small proportion 
of water a thickish fluid, which by long standing yields crystals of phos- 
phorous acid. Heat decomposes phosphorous acid into phosphoric acid, 
and phosphoretted hydrogen gas, which does not spontaneously take fire. 
It freely dissolves in water. Of the salts those with alkali base are readily 
soluble in water, all the others sparingly soluble; the latter dissolve in 
dilute acids. All the salts are decomposed by ignition into phosphates, 
which are left behind, and hydrogen, or a mixture of hydrogen and phos- 
phoretted hydrogen, which escapes. With silver nitrate separation of me- 
tallic silver takes place, more especially upon addition of ammonia and 
application of heat; with mercurous nitrate, under the same circumstances, 
separation of metallic mercury. From mercuric chloride in excess phos- 
phorous acid throws down mercurous chloride after some time, more 
rapidly upon heating. Barium chloride and calcium chloride produce in 
not oyver-dilute solutions of phosphorous acid, upon addition of ammonia, 
white precipitates, soluble in acetic acid. A mixture of magnesium sul- 
phate, ammonium chloride, and ammonia will precipitate only rather con- 
centrated solutions. Lead acetate throws down white lead phosphite, in- 
soluble in acetic acid. By heating to boiling with sulphurous acid in ex- 
cess phosphoric acid is formed, attended by separation of sulphur. In 
contact with zine and dilute sulphuric acid phosphorous acid gives a mix- 
ture of hydrogen with phosphoretted hydrogen, which accordingly fumes 
in the air, burns with an emerald-green color, and precipitates silver and 
silver phosphide from solution of silver nitrate. 


Fourth Division of the First Group of the Inorganie Acids. 


§ 149. 
a. Carson C, 12, anv Carzonio Acrp, H, CO3. 


1. Carson is a solid tasteless and inodorous body. The very 
highest degrees of heat alone can effect its fusion and volatili- 
zation. All carbon is combustible, and yields carbon dioxide, 
when burnt with a sufficient supply of oxygen or atmospheric 
air. In the diamond the carbon is crystallized, transparent, 
pellucid, exceedingly hard, difficultly combustible ; in the form 
of graphite it is opaque, blackish-gray, soft, greasy to the 
touch, diflicultly combustible, and stains the fingers; as char- 
coal produced by the decomposition of organic matter it is 
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black, opaque, non-crystalline—sometimes dense, shining, and 
difficultly combustible, and sometimes porous, dull, and readily 
combustible. 

2. CARBON DIOXIDE OR CARBONIC ANHYDRIDE, © Ong, at the com- 
mon temperature and common atmospheric pressure, is. a color- 
less gas of far higher 7 eons gravity than atmospheric air, so 
that it may be poured from one vessel into another. It is in- 
odorous, has a sourish taste, and reddens moist litmus-paper ; 
but the red tint disappears again upon drying. Carbon diox- 
ide is readily absorbed by solution of soda forming a car- 
bonate; it dissolves pretty copiously in water, and the solution 
may be assumed to contain carponic actin, H,C O,(= CO, + 
H, O), although this body has not been isolated.* 

3. The aQuEOUS SOLUTION OF cARBoNIC aciD has a feebly 
acid and pungent taste; it transiently imparts a red tint to lit- 
mus-paper, and colors solution of litmus wine-red ; it loses car 
bon dioxide when shaken with air in a half-filled bottle, and 
more completely still upon application of heat. Some of the 
CARBONATES lose carbon dioxide by ignition; most of them are 
white or colorless. Of the normal carbonates only those with 
alkali base are soluble in water. The solutions manifest a very 
strong alkaline reaction; most of the carbonates insoluble in 
water dissolve in aqueous carbonic acid. 

4, The carbonates are decomposed by all free acids soluble 
in water, with the exception of hydrocyanic acid and hydrosul- 
phuric acid. Most carbonates are decomposed in the cold, but 
several (magnesite, for instance) require heat. The decomposi- 
tion is attended with ErFERVESCENCE, carbon dioxide being dis- 
engaged as a colorless and inodorous gas, which transiently im- 
parts a reddish tint to moist litmus-paper. It is necessary to 
apply the decomposing acid in excess, especially when operat- 
ing upon carbonates with alkali base, since the formation of 
hydrogen carbonates will frequently prevent effervescence if 
too little of the decomposing acid be added. Substances which 
it is intended to test for carbonic acid should first be heated 
with a little water, to prevent any mistake which might arise 
from the escape of air-bubbles upon treating tle dry substances 
with the acid. Where there is reason to apprehend loss of ear 
bonic acid upon boiling with water, lime water should be used 
instead of pure water. If you wish to prove that the escapin 
an is really carbon dioxide, dip a glass rod in baryta water a 

10ld it inside the test-tube near the fluid; a white pellicle will 
form on the baryta-water, as is explained in 5. re 

5. Lime water and baryta-water, brought into contact with 
earbon dioxide, carbonic acid, or with soluble carbonates, pro- 

* Carbonic acid, CO<O 73 “teumaay © O<O Nei 
Hydrogen sodi i 
Ganiutitte ‘acd, £ <9 Nai vail , 0<9>Ba 


§ 150.] SILICIC ACID. 228 


duce white precipitates of normal catcium cARBonatTE, Ca O O, 
or BARIUM CARBONATE, BaCOQO,. In testing for free carbonic 
acid the reagents ought always to be added in excess, as the 
carbonates of the alkali earths are soluble in aqueous carbonic 
acid. The precipitates dissolve in acids, with effervescence 
and are not reprecipitated from such solutions by ammonia, 
after the complete expulsion of the carbonic acid by ebullition. 

As lime-water dissolves very minute quantities of calcium 
carbonate, the detection of exceedingly minute traces of car- 
bonic acid requires the use of a lime-water saturated with cal- 
cium carbonate by long digestion therewith (WeELreR, Brr- 
THOLLET). 

6. Calcium chloride and barium. chloride immediately pro- 
duce in solutions of normal alkali carbonates, precipitates of 
CALCIUM CARBONATE or Of BARIUM CARBONATE; in dilute solu- 
tions of acid carbonates these precipitates are formed only upon 
ebullition ; with aqueous carbonic acid these reagents give no 
precipitate. 


§ 150. 
b. Smicrc Aci, Si (O H), (Si. 28). 


1. Smucic ox1px or smc is colorless or white, in the common 
blowpipe flame unalterable and infusible. It fuses in the flame 
of the oxyhydrogen blowpipe. It is met with in the crystalline 
“tate (quartz, tridymite), and amorphous. It is insoluble in 
water and acids (with the exception of hydrofluoric acid, which 
dissolves the amorphous variety easily, the crystalline varieties 
with more difficulty). The amorphous silicic oxide dissolves in 
hot aqueous solutions of potassa and soda and their carbonates ; 
but the crystallized silicic oxide is insoluble or nearly so in 
these fluids. If either of the two is fused with excess of a 
caustic alkali or alkali carbonate, a basic silicate of the alkali 
is obtained which is soluble in water. The smticares with alkali 
‘hase alone are soluble in water. 

2. The solutions of the alkaline silicates are decomposed by 
all acids. If a large proportion of hydrochloric acid is added 
at once to even concentrated solutions of alkali silicates the 
separated silicic acid remains in solution, probably as the nor 
mal acid, Si (O H),; but if the hydrochloric acid is added 
gradually aes by drop, whilst stirring the fluid, the greater 
part of the silicic acid separates in a gelatinous form. The 
more dilute the tluid, the more silicic acid remains in solution, 
and in highly dilute solutions no precipitate is formed. If the 
solution: of an alkali silicate, mixed with hydrochloric or nitric 
acid in excess, as evaporated to dryness silicic acid separates in 
pepertion as the acid escapes; upon treating the residue with 

1ydrochloric acid and water the silicic acid remains as an insolu- 
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ble white powder.* —§ Ammonium chloride produces in not 
over-dilute solutions of alkali silicates precipitates of silicic acid 
(containing alkali). Heating promotes the separation. Silicic 
acid is readily soluble in hot solution of potassa or soda and in 
hot solutions of normal potassium and sodinm carbonates. 

3. Some of the silicates insoluble in water are decomposed 
by hydrochloric acid or nitric acid, others are not affected by 
these acids, even upon boiling. In the decomposition of the 
jormer the greater portion of the silicic acid separates usually 
in the gelatinous, more rarely in the pulverulent form. To ef- 
fect the complete separation of the silicic acid, the liydrochlorie 
acid solution, with the precipitated silicic acid suspended in it, 
is evaporated to dryness, the residue heated with stirring, at a 
uniform temperature, somewhat above the boiling point of 
water until no more acid fumes escape, then moistened with 
hydrochloric acid, heated with water, and the fluid containing 
the bases filtered from the residuary insoluble silicic acid. Of the 
silicates not decomposed by hydrochloric acid many, e.g., kaolin, 
are completely decomposed by heating with a mixture of 8 
parts of strong sulphuric acid and 38 parts of water, the sili- 
cic acid being separated in the pulvernlent form ; many others 
are acted upon to some extent by this reagent. Silicates not 
decomposable by boiling with hydrochloric or sulphuric acid in 
the open air, may generally be completely decomposed by 
heating in a state of fine powder with the acids in sealed glass 
tubes at 200°—210° in an air or paraftin bath. 


4. If asilicate, reduced to a fine powder, is fused with 4 parts of so- 
dium carbonate until the evolution of carbon dioxide has ceased, and the 
fused mass is then boiled with water, the greater part of the silicic acid 
dissolves as sodium silicate, whilst alkali earth and earth metals (with the 
exception of aluminium and beryllium, which passmore or less completely 
into the solution), and heavy metals are left undissolved as carbonates or 
oxides. If the fused mass is treated with water, then, without previous 
filtration, hydrochloric or nitric acid added to strongly acid reaction, and 
the fluid evaporated as directed in 3, the silicic acid is left undissolved, 
whilst the bases are dissolved. 

5. If an insoluble silicate containing alkali metals is mixed in the state 
of powder with 3 times its weight of precipitated calcium carbonate and 
one-half its weight of ammonium chloride, and the mixture is heated in a 
platinum crucible for half an hour to redness, too high a heat being avoid- 
éd, a somewhat sintered mass is obtained, which, on being digested in hot 
water, falls to powder, and yields a solution containing, besides calcium 
chloride and hydroxide, all the alkalies of the silicate, in the form of 
chlorides (J. LAWRENCE SMITH). : 

6. If hydrofluoric acid, in concentrated aqueous solution or in the gase- 
ous state, is made to act upon silicic oxide, fluosilicic gas escapes (SiO. + 
4H F = SiF,+2H:0); dilute acid dissolves silica to hydrofluosilicie 
acid (Si O. + 6H F = H: Si Fs + 2H: O). Hydrofluoric acid acting upon 
silicates gives rise to the formation of silicofiuorides (Ca SiO; + 6H F = © 
Ca Si F, + 8H: O), which by heating with hydrated sulphuric acid are 


* The gelatinous silicic acid, and the dried ‘‘silica” are probably anhydro- — 
acids, analogous to pyrophosphoric acid and metaphosphoric acid. ie 
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changed to sulphates, with evolution of hydrofluoric and fluosilicie gases. 
If the powdered silicate is mixed with 3 parts of ammonium fluoride, or 5 
parts of calcium fluoride in powder, the mixture made into a paste with 
concentrated sulphuric acid, and heat applied (best in the open air) until 
no more fumes escape, the whole of the silicic acid present volatilizes as 
fluosilicic gas.. The bases present are found in the residue as sulphates, 
mixed, if calcium fluoride was used, with calcium sulphate. 

7. On mixing 1 part of finely powdered silica, or a silicate 
with 2 parts of powdered cryolite or fluor spar (free from 
silica), and 4 or 5 parts of concentrated sulphuric acid, heat- 
ing the mixture moderately in a platinum crucible, but not al- 
lowing it to spurt, and then holding close over the surface the 
loop of a stout platinum wire which has been freshly ignited, 
and now contains a drop of water; a pellicle of silicic acid will 
soon form on the latter from decomposition of the escaping sili- 
con fluoride (BaRrroep). 

8. If silicie oxide ora silicate is fused with a small proportion 
of sodiwm carbonate in the loop of a platinum wire FROTHING 
is observed in the bead owing to the evolution of carbon diox- 
ide. The bead obtained with pure silicic acid, or silicic oxide, 
is always clear when hot, with silicates when they are rich in 
silicic acid (as the felspathic rocks), the bead is also clear, other- 
wise it is opaque. The clearness of the cold bead depends 
upon the proportion between silicic acid, sodium and other 
bases. 

9. Sodium metaphosphate, in a state of fusion, fails nearly 
altogether to dissolve silicic oxide. If therefore silicic acid ora 
silicate is fused, in small fragments, with hydrogen ammonium 
sodium phosphate on a platinum wire the bases are dissolved, 
whilst silicic oxide separates and floats about in the clear bead 
_ as a more or less translucent mass, exhibiting the shape of the 
_ fragment of substance used. 


8 151. 


Recapitulation and remarks.—Oarbon dioxide or free car- 
 bonic acid is readily known by the reaction with lime-water ; 
. the carbonates are easily detected by the evolution of an inodor- 
ous gas, when they are treated with acids. When operating 
upon compounds which evolve other gases besides carbon diox- 
“de, the gas is to be tested with lime-water or baryta-water. 
_ Silicie acid, both in the free state and in silicates, may usually 
be readily detected by the reaction with sodium metaphos- 
_ phate. It differs moreover from all other bodies in the form in 
which it is always obtained in analyses, by its insolubility in 
acids (except hydrofluoric acid), and in fusing potassium disul- 
phate, and its solubility in boiling solutions of alkalies and 
alkali carbonates ; sind from many bodies (especially from 
_ titanic oxide), by completely volatilizing upon repeated evapor- 
15 


226 INORGANIC ACIDS. GROUP IL. [§ 152. 


ation in a platinum dish, with hydrofluoric acid (or ammonium ~ 
fluoride) and sulphuric acid. 


Second Group. 


Actps WHICH ARE PRECIPITATED BY SitveR NITRATE, BUT NOT BY 

Bart Cutorme: Hydrochloric Acid, Hydrobromic Acid, — 
Hydriodice Acid, Hydrocyanic Acid, Hydroferro- and Hy- 

droferricyanic Acid, Hydrosulphuric Acid (Nitrous Acid, — 
Hypochlorous Acid, Chlorous Acid, Hypophosphorous Acid). 
The silver compounds corresponding to the halogen and swl- — 
oe acids of this group, are insoluble in dilute nitric acid.' 
hese acids decompose with metallic oxides, and hydroxides, 

the metals combining with the chlorine, bromine, iodine, cyano- — 
gen, or sulphur, whilst the oxygen of the metallic oxide, or the — 
pie of the hydroxide, forms water with the hydrogen of — 
the acid. = 


§ 152. 
a, Curortne, Cl. 35.5, anp Hyprocatoric Acw, H Cl. 


1. Curortne is a heavy yellowish-green gas of a disagreeable — 
and suffocating odor, which has a most injurious action upon 
the respiratory organs: it destroys many vegetable colors (lit- 
mus, indigo-blue, &c.); it is not inflammable, and supports the — 
combustion of few bodies only. Minutely-divided antimony, — 
tin, &c., spontaneously ignite in it, and are converted into — 
chlorides. It dissolves pretty freely in water; the chlorine 
water formed has a faint yellowish-green color, smells strongly — 
of the gas, bleaches vegetable colors, is decomposed by the 
action of light (§ 31), and loses its smell when shaken with mer-_ 
cury, the latter being converted into a mixture of mercurous 
chloride and metal. Small quantities of free chlorine may be- 
readily detected in a fluid by the red color imparted to a mix- — 
ture of potassium sulphocyanate and a ferrous salt, or—in the 
absence of nitrous acid—by the blue color imparted to a. mix- 
ture of starch paste and potassium iodide (see § 154, 9). _ 

2. Hyprocatoric acim, at the common temperature and com- 
mon atmospheric pressure, is a colorless gas, which forms dense 
fumes in the air, is suffocating and very irritating, and dissolves — 
in water with exceeding facility. The concentrated solution 
ate hydrochloric acid) loses a large portion of its gas upon 

cating. : - 

3. The normal meraLtic cutormes are readily soluble in 
water, with the exception of. lead, silver, and mercurous chlo- 
rides ; most of the chlorides are white or colorless. Many of 
them volatilize at a high temperature, without suffering decom- 
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position ; others are decomposed upon ignition, and many of 
them are fixed at a moderate red heat. 

4. Silver nitrate produces in even highly dilute solutions of 
free hydrochloric acid or of metallic chlorides white precipi- 
tates of ARGENTIC cHLoRIDE, Ag Cl, which upon exposure to 
light change first to violet, then to black by reduction tc 
ARGENTOUS CHLORIDE, Ag, Cl; they are insoluble in dilute nitric 
acid, but dissolve readily in ammonia as well as in potassium 
cyanide, and fuse without decomposition when heated. (Com- 
pare § 115, 7.) | 

5. Mercurous nitrate and lead acetate produce in solutions 
containing free hydrochloric acid or metallic chlorides precipi- 
tates of MERCUROUS CHLORIDE, Hg, Cl,, and Leap cutoripr, Pb Cl,. 
For the properties of these precipitates see § 116, 6, and 

zhi, (. : 

, 6. If hydrochloric acid is heated with manganese dioxide, or 
a chloride with manganese dioxide and sulphuric acid, on.o- 
RINE is evolved, which may be readily recognized by its odor, its 
yellowish-green color, and its bleaching action upon vegetable 
colors. The best way of testing the latter is to expose to the 
gas a moist slip of litmus-paper, or of paper colored with solu- 
tion of indigo. 

7 Ifa metallic chloride is triturated with potasstwm dichro- 
mate, the dry mixture treated with concentrated sulphuric 
acud in a tubulated retort, and a gentle heat applied, the deep 
brownish-red gas of cHRomic oxycuLoripE, Cr O, Cl,, (“ cHLoRo- 


CHROMIC ACID”) is copiously evolved, which condenses into a 


fluid of the same color, and passes into the receiver. If this 
distillate is mixed with ammonia in excess,a yellow-colored 
liquid is produced, from the formation of ammonium chromate, 
Cr O, Cl, +4 N H, + 2H,0=CrO,(N H,), + 2NH, Cl. 
Upon addition of an acid the color of the solution changes to a 


_ reddish-yellow, owing to the formation of ammonium dichro- 


mate. 
8. In the metallic chlorides insoluble in water and nitrie 


acid the chlorine is detected by fusing them with sodium car- 
bonate, and treating the fused mass with water, which will dis- 
solve,-besides the excess of the sodium carbonate, the sodium 
chloride formed in the process. 

9. If in a bead of sodium metaphosphate on a platinum 
wire, cupric oxide be dissolved in the outer blowpipe flame in 
pufficient quantity to make the mass nearly opaque, a trace of 
a substance containing chlorine added to it. while still in fusion, 


and the bead then exposed to the reducing flame, a fine BLUE- 


coLoRED flame, inclining to puRPLE, will be seen encircling it 


80 long as chlorine is present (Brerzetius). With regard to the 


spectrum of copper chloride, compare § 157. 
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§ 153. 
b. Brominz, Br. 80, anp Hyprosromic acm, H Br. 


1. Bromine is a heavy reddish-brown fluid of a very disagree- 
able chlorine-like odor; it boils at 63°, and volatilizes rapidly 
even at the common temperature. The vapor is brownish-red. 
Bromine bleaches vegetable colors like chlorine; it is pretty 
soluble in water, but dissolves more readily in alcohol, and 
very freely in ether. The solutions are yellowish-red. 

2. Hyprosromic Acip GAs, its AQUEOUS soLUTION, and the 
METALLIC BRoMIDES Offer in their general deportment a great 
analogy to the corresponding chlorides. 

3. Sie nitrate produces in aqueous solutions of hydro- — 
bromie acid or of bromides a yellowish-white precipitate of 
SILVER BROMIDE, Ag Br, which changes to gray upon exposure 
to light ; this precipitate is insoluble in dilute nitric acid, and 
somewhat sparingly soluble in ammonia, but dissolves with 
facility in potassium cyanide. 

4. Palladious nitrate, but not palladious chloride, produces in neutral 
solutions of metallic bromides a reddish-brown precipitate of PALLADIOUS 
BROMIDE. In concentrated solutions this precipitate is formed immedi-— 
‘ately ; in dilute solutions it makes its appearance only after standing some 
time. 

5. Nitric acid decomposes hydrobromiec acid and the bro- 
mides, with the exception of silver and mercury bromides, — 
upon the application of heat, and liberates the bromine, by 
oxidizing the hydrogen or the metal. In the case of a solution, 
the liberated bromine colors it yellow or yellowish-red. With 
bromides in the solid state or in concentrated solution, brownish- 
red (if diluted, brownish-yellow) vapors of bromine gas escape 
at the same time, which, if evolved in sufficient quantity, con- 
dense in the cold part of the test-tube to small drops. In the 
cold, nitric acid, even the red fuming fails to liberate the 
bromine in very dilute solutions of bromides, nor is it liberated 
by solution of nitrogen tetroxide in sulphuric acid,* or by hydro- 
chloric acid and potassium nitrite. ; 

6. Chlorine, in the gascous state or in solution, immediately — 
liberates bromine in the solutions of its compounds; the finid 
assuming a yellowish-red tint if the quantity of the bromine | 
present is not too minute. A large excess of chlorine must be — 
avoided, since this will cause formation of bromine chloride, — 
which will destroy the color wholly or nearly so. This reaction 
is made much more delicate by addition of a fluid which dis-_ 
solves bromine and does not mix with water, as carbon disul-— 

vhide or chloroform. Mix the neutral or feebly acid solution 
in a test-tube with a little of one of these fluids, sufficient te _ 


* See the first note, p, 231. 
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form a large drop at the bottom, then add dilute chlorine-water 
drop by drop, and shake the tube. With appreciable quan- 
tities of bromine, ¢.g., 1 part in 1000 parts of water, the drop at 
the bottom acquires a reddish-yellow tint; with very minute 
quantities (1 part of bromine in 30,000 parts of water), a pale 
yellow tint, which, however, is still distinctly discernible. 

ther was formerly used for this reaction; this agent is by no 
means so well suited for it. A large excess of chlorine-water 
must be avoided in this experiment also, and it must always 
be ascertained first whether the chlorine-water, mixed with a 
large quantity of water and some carbon disulphide or chloro- 
form, and shaken, will leave these reagents quite uncolored. 
If not, the chlorine-water is not suited for the intended pur- 
pose. If the solution of bromine in carbon disulphide or 
chloroform is mixed with some solution of potassa, the mixture 
shaken, and heat applied, the yellow color disappears, and the 
solution now contains potassium bromide and bromate. By 
evaporation and ignition the potassium bromate is converted 
into potassium bromide, and the ignited mass may then be fur- 
ther tested as directed in 7. 

7. If bromides are heated with manganese dioxide and sul- 
hurie acid, BROWNISH-RED VAPORS OF BROMINE are evolved. 
resence of chlorides in large proportion is not favorable to 

the reaction and requires addition of some water, and the sul- 
phuric acid to be added gradually in very small quantities. If 
the bromine is present only in very minute quantity, the color 
of these vapors is not visible. But if the mixture 1s heated in 
a small retort, and the vapors are transmitted through a long 
glass condenser, the color of the bromine may generally be 
seen by looking lengthways through the tube, and the first drops 
of the distillate are also colored yellow. The first vapors and 
the first drops of the distillate should be received in a test- 
tube containing some starch moistened with water ; since 


8. If moistened starch* is brought into contact with free bromine, more 
especially in form of vapor, YELLOW BROMIZED sTARCH is formed. The 
coloration is not always instantaneous. The reaction is rendered most 
delicate by sealing the test-tube which contains the moistened starch and 
the first drops of the distillate from 7, and then cautiously inverting it, so 
as to cause the moist starch to occupy the upper part of the tube whilst the 

‘fluid occupies the bottom. The presence of even the slightest trace of 
bromine will now, in the course of from twelve to twenty-four hours, im- 
part a yellow tint to the starch, which, however, after some time, will 

again disappear. The reaction may be called forth in a simple manner, 
almost with the same degree of delicacy, by gently heating the fluid con- 
taining free bromine, or also the original mixture of bromide, manganese 
dioxide, and sulphuric acid, in a very small beaker, covered with a watch- 
glass with a slip of paper attached to the lower side, moistened with 
starch paste, and sprinkled with starch powder. 


__ * [See that the starch is not of the kind which, as powder, is made yellcw by 
dine. Such starch, boiled to a paste, reacts blue with iodine. NAGELI.] 
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9. If sulphuric acid is poured over a mixture of a bromide with potas 
sium dichromate, and heat is then applied, a brownisb-red gas is evolved, 
exactly as in the case of chlorides. But this gas consists of pure BROMINE, 
and therefore the fluid passing over does not turn yellow, but becomes 
colorless upon supersaturation with ammonia. 

10. If a solution of hydrobromic acid or a bromide is mixed with a 
little aurie chloride, a straw color or dark orange color is produced from 
the formation of AURIC BROMIDE. If iodine is present it must be removed 
before the solution of gold is added (BrL1). 

11. In the metallic bromides which are insoluble in water and nitric 
acid, the bromine is detected in the same way as the chlorine in the corre- 
sponding chlorides. 

12. If a substance.containing bromine is added to a sodiwm metaphos- 
phate bead saturated with cupric oxide, and the bead is then ignited in the 
inner blowpipe flame, the flame is colored BLUE, inclining to GREEN, more 
particularly at the edges (BeRzELIUs). With regard to the spectrum of 
copper bromide see § 157. 


§ 154. 
ce. Iopinz, I. 127, anp Hypriopic Ac, H I 


1. Iopive is a solid soft body of a peculiarly disagreeable — 
odor. It is generally seen in the form of black, shining, erys- 
talline scales. It fuses at a gentle heat ; at a somewhat higher — 
temperature it i8 converted into vapor, which has a beautiful — 
violet-blue color, and condenses upon cooling to a black subli- 
mate. It is very sparingly soluble in water, but readily in~ 
alcohol and ether, as well as in solution of potassium iodide. j 
The aqueous solution is light-brown, the alcoholic, ethereal, 
and potassium iodide solutions are deep red-brown. Iodine 
destroys vegetable colors only slowly and imperfectly ; it stains” 
the skin brown. Crystals of iodine, its vapor and its solutions: 
(best the aqueous) give to mozst starch powder, sometimes a 
yellow, most usually a purple or blue color, with starch-paste 
always an intensely purple or deep blue. The color of dodized 
starch is destroyed by alkalies, by chlorine and bromine, and 
by sulphurous acid and other reducing agents. “ll 

2. Hypriopic acm @as resembles hydrochloric and hydro- 
bromic acid gas; it dissolves copiously in water. The col 
Jess solution of hydriodic acid turns speedily to a reddish- 
brown in contact with the air, water being formed, and a solu- 
tion of iodine in hydriodic acid. ia 

3. The 1oprpes also correspond in many respects with the 
chlorides. Of the iodides of the heavy metals, however, y 
more are insoluble in water than is the case with the corre- 
rhnigh ae chlorides. Many iodides have characteristic colors, 
e.g., lead iodide, mercurous iodide and mercuric iodide. = 

4. Silver nitrate produces in aqueous solutions of hydriodi 
acid and of iodides yellowish-white precipitates of aRGENTIC 
topipr Ag I, which blacken on exposure to light; these pre 


= 
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cipitates are insoluble in dilute nitric acid, and very sparingly 
soluble in ammonia, )ut dissolve readily in potassium cyanide. 

5. Palladious chloride and palladious nitrate produce even in very dilute 
solutions of hydriodic acid or metallic iodides, a brownish-black precipi- 
tate of PALLADIOUS IoDIDE (Pd Is), which dissolves to a trifling extent in 
saline solutions (sodium chloride, magnesium chloride, &c.), but is inso] 
uble or nearly so in dilute cold hydrochloric and nitric acids. 

6. A solution of 1 part of cupric sulphate and 24 parts of ferrous sul- 
phate throws down from neutral aqueous solutions of the iodides cupRous 
IODIDE (Cuz I), in the form of a dirty white precipitate. The addition of 
ammonia promotes the complete precipitation of the iodine. Chlorides 
and bromides are not precipitated by this reagent. Instead of using the 
above mixture of sulphates, cupric sulphate alone may be added, and 
afterwards enough sulphurous acid to remove the brown color produced 
by separated iodine. 

7. Pure nitric acid, free from nitrous acid, decomposes 
hydriodie acid or iodides only when acting upon them in its 
concentrated form, particularly when aided by the application 
of heat. But nitrous acid and nitrogen trioxide decompose 
hydriodi¢e acid and iodides with the greatest facility even in 
the most dilute solutions. Colorless solutions of iodides there- 
fore acquire immediately a brownish-red color upon addition of 
some red fuming nitric acid, or of a mixture of this with con- 
centrated sulphuric acid, or, better still, upon addition of a 
solution of nitrogen tetroxide in sulphuric acid,* or of potas 
sium nitrite and some sulphuric or hydrochloric acid. From 
more concentrated solutions the iodine separates in the form of 
black seales, whilst nitrogen dioxide and iodine vapor escape. 

8. As the blue coloration of topizED srarcu (see 1.) remains 
visible in much more highly dilute solutions than the yellow 
color of solution of iodine in water, the delicacy of the reaction 
just now described (7.) is considerably heightened by mixing the 
fluid to be tested for iodine first with some thin tolerably clear 
starch-paste,+ then adding a few drops of dilute sulphuric acid, 
to make the fluid strongly acid, and finally one of the reagents 
given in 7. Of the solution of nitrogen tetroxide in sulphu- 
ric acid a single drop on a glass rod suffices to produce the 
reaction most distinctly. I can therefore strongly recommend 
this reagent, which was first proposed by Orro. Red fuming 
nitric acid must be added in somewhat larger quantity, to call 
forth the reaction in its highest intensity; this reagent there- 
fore is not well adapted to detect very minute quantities of 
iodine. The reaction with potassium nitrite also is very deli- 
_ cate. The fluid to be tested is mixed with dilute sulphuric 
acid or with hydrochloric acid to distinctly acid reaction, and 
a drop or two of a concentrated solution of potassium nitrite 
is then added. In cases where the quantity of iodine present 


* Obtained by heating starch with nitric acid, and passing the evolved 
gases into oil of vitriol. 

+ Prepared by heating a mixture of starch with 50 parts of cold water te 

iin, 


8: ; 
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is very ininute the fluid turns reddish, instead of blue. An 
excess of the fluid containing nitrous acid or nitrogen tetroxide 
does not materially impair the delicacy of the reaction. As 
iodized starch becomes colorless in hot water, the fluids 
must of necessity be cold; the colder they are the more 
delicate the reaction. To attain the highest degree of deli- 
cacy, cool the fluid with ice, let the starch deposit, and place 
the test-tube upon white paper to observe the reaction (com- 
pare also § 157). 

9. Chlorine gas and chlorine-water decompose compounds 
of iodine also, setting the iodine free; but if the chlorine is 
applied in excess the liberated iodine combines with it to color- 
less iodine chloride. A dilute solution of a metallic iodide, 
mixed with starch-paste, acquires therefore upon addition of a 
little chlorine-water at once a blue tint, but becomes colorless 
again upon addition of more chlorine-water. As it is therefore 
difficult not to exceed the proper limit, especially where the 
quantity of iodine present is only small, chlorine-water is not 
well adapted for the detection of minute quantities of 
iodine. 


10. If a solution containing hydriodic acid or an iodide is — 


mixed with ea tod or carbon disulphide, so as to leave a 
few drops undissolved, and one of the agents by which iodine 
is liberated (a drop of a solution of nitrogen tetroxide in sul- 
phuric acid—hydrochloric acid and potassium nitrite—chlo- 
rine-water, &c.) is added, the mixture vigorously shaken, and 
then allowed to stand at rest, the chloroform or the carbon 
disulphide colored violet-red by the iodine dissolved in it, sub- 
sides to the bottom. This reaction also is exceedingly delicate. 
If a solution containing free iodine is shaken with petroleum, 
benzol, or ether, the two former are colored red, the ether 
reddish-brown or yellow. Jodine colors ether much more in- 
tensely than an equal quantity of bromine, 


11. If metallic iodides are heated with concentrated sulphuric acid, or — 


with sulphuric acid and manganese diowide, or with sulphuric acid and 
potassium dichromate, or with ferric chloride and a little hydrochloric acid, 
Jodine separates, which may be known by the color of its vapor, or in the 


case of very minute quantities, by its action upon a slip of paper coated — 


with starch- paste. 


12. The iodides which are insoluble in water and nitrie acid 
comport themselves upon fusion with sodium carbonate in the 
same inanner as the corresponding chlorides. 


é 


13. A sodium metaphosphate bead, satwrated with cupric 


oxide, when touched with a substance containing iodine, and 


ignited in the inner blowpipe flame, imparts an intense GREEN 


color to the flame. With regard to the spectrum of iodide of 
copper see § 157. meres 
© 
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§ 155. 


d. Cyanogen, C N or Cy. anp Hyprooyanic Acipn, H CN. 


1. Cyanogen is a colorless gas of a peculiar penetrating odor ; 
it burns with a crimson flame, and is pretty soluble in water. 

2. Hyprocyanic acm is a colorless, volatile, inflammable 
liquid, the odor of which distantly resembles that of bitter 
almonds; it is miscible with water in all proportions; in the 
pure state it speedily suffers decomposition. It is extremely 
poisonous. 

3. The cyanmwxs of the alkali and alkali-earth metals are 
soluble in water; the solutions smell of hydroecyanic acid. 
They are readily decomposed by acids, even by carbonic acid. 
Potassium and sodium cyanides are not decomposed by fusion 
if air is excluded; when fused with oxides of lead, copper, 
antimony, tin, &c., they reduce these oxides, and are converted 
into cyanates. Only a few of the cyanides with heavy metals 
are soluble in water ; all of them are decomposed by ignition, 
the cyanides of the noble metals being converted into cyanogen 
gas and metal, the cyanides of the other heavy metals into 
nitrogen gas and metallic carbides. Many of the cyanides with 
heavy metals are not decomposed by dilute oxygen acids, and 
only with difficulty by concentrated nitric acid. -By heating 
and evaporation with concentrated sulphuric acid all cyanides 
are decomposed ; hydrochloric acid decomposes a few of them ; 
hydrosulphuric acid decomposes many cyanides. 

4, The oyanipzs have a great tendency to combine with each 
other; hence most of the cyanides of the heavy metals dissolve 
in potassium cyanide. The resulting compounds are either: 

a. Double salts, ¢.g., nickel potassium cyanide, Ni (CN), + 
2K CN. From solutions of such double salts acids, by decom- 
posing the potassium cyanide, precipitate the metallic cyanide 
which was combined with it.—Or, 

b. Haloid salts, in which a metal, e. g., potassium, iscombined 
with a compound radical consisting of cyanogen and another 
metal (iron, cobalt, manganese, chromium). The ferro- and the 
ferricyanide of potassiuih, (Fe (C N),. 41 CN, also K, Fe Cy, or 
K, Ofy and Fe, (CN), 6 KON, also K, Fe, Cy., or K, Cfdy), and 
eobalticyanide of potassium (KX, Co, Cy,,)* are compounds of this 
kind. From solutions of compounds of this nature dilute acids 
do not separate metallic cyanides in the cold. Ifthe potassium 
is replaced by hydrogen, corresponding hydrogen acids are 
formed, which must not be confounded with hydrocyanic acid. 

We will now first consider the reactions of hydrocyanic acid 


* In ferrocyanides Fe is bivalent (ferrous); in ferricpanides and cobalticy 
mides Fe, and Co, are sexivalent (ferric and cobaltic). See page 235. 
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and the simple cyanides, then, in an appendix to this paragraph, 
those of hydroferro- and hydroferricyanic acid. 

5. Silver nitrate produces in solutions of free hydrocyanie ~ 
acid and of cyanides of the alkali metals white precipitates of 
SILVER CYANIDE, Ag Cy, which are readily soluble in potassium 
cyanide, dissolve with some difficulty in ammonia, and are 
insoluble in dilute nitric acid ; these precipitates are decomposed 
by ignition, leaving metallic silver with some silver paracyanide, 

6. If a solution of ferrous sulphate and a few drops of 
Jerric chloride are added to a solution of free hydrocyanic acid 
no alteration takes place; but if solution of yotassa or soda is 
now added a bluish-green precipitate forms, which consists of 
a mixture of Prussian-blue, r. Cy,,, and ferrous-ferric hydroxide. 
Upon now adding hydrochloric acid (best after previous appli- 
cation of heat) the ferrous-ferric hydroxide dissolves, whilst the 
Prusstan-BLuE remains undissolved. If only a very minute 
quantity of hydrocyanic acid is present the fluid simply appears 
green after the addition of the hydrochloric acid, and it is only 
after long standing that a trifling blue precipitate separates 
from it. The same final reaction is observed when a mixture 
of ferrous and ferric salt is mixed with the solution of an alkali 
cyanide, and hydrochloric acid is then added. 


7. If a liquid containing a little hydrocyanic acid or potassium cyanide 
is mixed with sufficient yellow ammonium sulphide to impart a yellowish 


tint to the fluid, then with a little ammonia, and the mixture is warmed in 


a porcelain dish, with renewal of the water if necessary, until it has become 
colorless, and the excess of ammonium sulphide is decomposed or volatilized, 
the fluid contains now ammonium sulphocyanate, and after being acidified 
with hydrochloric acid (which must not be attended with disengagement 
of hydrosulphuric gas), acquires a blood-red tint upon addition of ferric 
chloride (v. Lresia). This reaction is exceedingly delicate. The following 
formula expresses the transformation of hydrocyanic acid into ammonium 
sulphocyanate, N H,8,+4 NH. +4H Cy=4(N H, Cy 8)+NH,8S. Ifan 
acetate* is present the reaction takes place only upon addition of more 
hydrochloric acid. To discover the cyanogen in insoluble compounds by 
converting it into ferric sulphocyanate you may proceed as follows:— 
Fuse some sodium thiosulphate (‘“hyposulphite of soda”) in the loop 
of a platinum wire till the water of crystallization has escaped, and the 
mass swells out, dip it in the substance, heat for a little time, removing it 
from the flame as soon as the sulphur begins to burn, and then dip the mass in 
a few drops of ferric chloride mixed with a little hydrochloric acid. A per- 
manent blood-red color will be produced. If the substance is heated too 
long the reaction fails, as the sodium sulphocyanate formed is then destroyed 
again. This method is well suited to distinguish silver chloride, bromide, 
or iodide from cyanide (A. FrRéuDE). 

8. On mixing a moderately concentrated solution of an alkali metal cyanide 
with a little picric acid solution (1 of picric acid to 250 of water) and boil- 
ing, the fluid appears dark-red from formation of alkali metal picrocyamate, 
the coloration increasing in intensity by standing. If the solution of the 
cyanide is very dilute, no more picric acid must be added than is sufficient — 
just to color the fluid lemon yellow. After boiling, the red coloration often 
does not make its appearance till the fluid has cooled and stood some time, 
The reaction is very delicate (C. D. Braun). 


* Or one of the salts mentioned § 111, 8 
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9. On saturating filter paper with freshly prepared tincture of guaiacum 
containing 3 or 4 per cent. of the resin, allowing the alcohol to evaporate, 
moistening the paper with solution of copper sulphate containing ¢ per 
cent. of the salt, and then exposing it to air, in which a trace of hydro- 
cyanic acid is present, it becomes blue from liberation of oxygen, 3Cu O + 
4H Cy=Cus Cys+2H:0+0 (PAGENSTECHER, SCHONBEIN). 

10. Ifa very dilute solution of iodized starch is mixed with a trace 
of hydrocyanic acid, or after addition of dilute sulphuric acid, with a 
trace of an alkali-metal cyanide, the blue color will disappear immedi- 
ately, or after a short time, the iodine and the hydrocyanic acid being 
transformed into cyanogen iodide and hydriodic acid (ScHONBEIN). This 
is a very delicate reaction, but cannot be relied upon without further tests, 
as many other substances decolorize iodized starch. 

11. Neither of the above methods will serve to effect the detection of 
cyanogen in mercuric cyanide. To detect cyanogen in that compound the 
solution is mixed with hydrosulphuric acid; mercuric sulphide precipitates, 
and the solution contains free hydrocyanic acid. In solid mercuric cyan- 
ide the cyanogen is most readily detected by heating in a glass tube. 
(Compare 3.) 


A pendix. 
a. Hydroferrocyame acid, HW, Fe" Cy,or H, Cfy. Hydro 


ferrocyanic acid is soluble in water. Some of the ferrocya 
nides, as those containing alkali and alkali-earth metals are sol- 
uble in water; but the greater part of them are insoluble in 
that menstruum. All the ferrocyanides are decomposed by ig- 
nition; where they are not quite anhydrous, hydrocyanic 
acid, carbonic acid, and ammonia escape, otherwise nitrogen 
and occasionally cyanogen. In solutions of hydroferrocyanic 
acid or ferrocyanides ferric chidride produces a blue precipi- 
tate of FERRIC FERROCYANIDE, F’e,’”” (Fe’’ Cy,), or Fe, Cy,, ; cuprac 
sulphate a brownish-red precipitate of CUPRIC FERROCYANIDE, 
Cu, Fe Cy,; sélver nitrate a white precipitate of ARrgENTIC 
FERROCYANIDE, Ag, Fe Cy,, which is insoluble in nitric acid and 
in ammonia, but dissolves in potassium cyanide. If a not too 
dilute solution of an alkali-metal ferrocyanide is mixed with 
hydrochloric acid, and some ether is poured on the top of the 
mixture, HYDROFERROCYANIC AciD will separate in the crystalline 
form where the two fluids meet. Insoluble ferrocyanides are 
decompused by boiling with solution of soda, sodium ferrocyan- 
ide being formed, and the metals separate as hydroxides, unless 
they are soluble in soda. If ferrocyanides are heated with a 
mixture of 3 parts concentrated sulphuric acid, and 1 part 
water, till the free acid is expelled, they are decomposed, and 
the cyanogen is driven off in the form of hydrocyanic acid; 
the metals remain behind assulphates. On projecting metallic 
cyanides into fusing potassium nitrate, the cyanogen is con- 
yerted into carbon dioxide and nitrogen, and the metals are 
converted into oxides, which remain in the erucible. 

b. Hydroferricyanic acid, H, Fe,’” Cy,., or U,Cfdy.  Hy- 
droferricyanie acid and many of the ferricyanides are soluble 
in water; all ferricyanides are decomposed by ignition like 
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the ferrocyanides. In the aqueous solutions of hydroferricyan- 
ic acid and its salts ferric chloride produces no blue precipi- 
tate; but ferrous sulphate produces a blue precipitate of FER- 
ROUS FERRICYANIDE, Fe,’’ Fe,’”’ Cy,, or Fe, Cfdy ; cupric sulphate 
a yellowish green precipitate of CUPRIC FERRICYANIDE, Cu, Ofdy, 
which is insoluble in hydrochloric acid; séver nitrate an 
orange-colored precipitate of stiLvER FEeRRIcyaNIpE, Ag, Cfdy, 
which is insoluble in nitric acid, but dissolves readily in am- 
monia and in potassium cyanide. The insoluble ferricyanides 
are Beciti pial by boiling in solution of soda, metallic oxides, 
or hydroxides being thrown down ; in the fluid filtered off from 
them either sodium ferricyanide alone is found, or a mixture 
of sodium ferro- with ferricyanide. By heating with a mix- 
ture of 3 parts concentrated sulphuric acid, and 1 part water, 
and also by fusing with potassium nitrate, the ferricyanides are 
decomposed like the ferrocyanides. 


§ 156. 
e. Sutruvr, §, 32, and Hyprosutpnuric Acm, H, 8. 


1. Sutpuvr is a solid, brittle, friable, tasteless body, insoluble 
in water. It occurs occasionally in the form of yellow or 
brownish crystals, or crystalline masses of a yellow or brownish 
color, and occasionally in that of a yellow or yellowish-white, 
or grayish-white powder. It melts at a moderate heat; upon 
the application of a stronger heat it is converted into brownish- 
yellow vapors, which in cold air condense to a yellow powder, 
and on the sides of the vessel to drops. Heated in the air it 
burns with bluish flame to sulphur dioxide, which betrays its 
presence at once by its suffocating odor. Concentrated nitrie 
acid, nitrohydrochloric acid, and a mixture of potassium chlo- 
rate and hydrochloric acid, or, better, nitric acid, dissolve sul- 

hur gradually, with the aid of a moderate heat, and convert it 
into sulphuric acid; in boiling solution of soda sulphur dis- 
solves to a yellow fluid, wai contains sodium polysulphide 
and sodium thiosulphate, Na, 8, O,; in cold ammonia it is in- 
soluble, in warm ammonia it dissolves to a small extent. Car- 
bon disulphide dissolves the ordinary variety of sulphur with 
ease, but there is a kind which is insoluble in this menstruum. 

2. HyprosvLPHURIC ACID, HYDROGEN SULPHIDE OR SULPHU- 
RETTED HYDROGEN, at the common temperature, and under com- 
non atmospheric pressure, is a colorless inflammable gas, soluble 
in water, readily recognized by its smell of rotten eggs; it 
transiently imparts a red tint to moist litmus-paper. 

8. Of the sutruipes only those of alkali and alkali-earth 
metals are soluble in water. These, as well as the sulphides of 
iron, manganese, and zinc, are decomposed by dilute mineral 
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acids, with evolution of hydrosulphuric acid gas, which may 
be readily detected by its smell, and by its action upon solution 
of lead (see 4). The decomposition of polysulphides is attended 
also with separation of sulphur in a finely-divided state; the 
white precipitate may be readily distinguished from similar 
precipitates by its deportment on heating. Part of the sul- 
phides of the metals of the fifth and sixth groups are decom- 
peed by concentrated and boiling hydrochloric acid, with evo- 
ution of hydrosulphuric acid gas, whilst others are not dis- 
solved by hydrochloric acid, but by concentrated and _boil- 
Se nitric acid. The Sign Bae of sulphur with mercury, 
gold, and platinum, resist the action of both acids, but dissolve 
in. nitrohydrochloric acid. Upon the solution of sulphides in 
nitric acid, and in nitrohydrochloric acid, sulphuric acid is 
formed, and in most cases sulphur is also separated. Many 
metallic sulphides, more especially those of a higher degree of 
sulphuration, give a sublimate of sulphur when heated in a 
tube sealed at one end. All sulphides are decomposed by fu- 
sion with sodium nitrate and carbonate; on extracting the 
fusion with water the sulphur is found in solution as sodium 
sulphate. — 

4. If hydrosulphnric acid, in the gaseous state or in solution, 
is brought into contact with sdlver nitrate or lead acetate, black 
precipitates of sILVER SULPHIDE Or LEAD suLPHIDE are formed. In 
eases therefore where the odor fails to afford sufficient proof of 
the presence of hydrosulphuric acid, these reagents will remove 
all doubt. If the hydrosulphuric acid is present in the gaseous 
form the air suspected to contain it is tested by placing in it a 
small slip of paper moistened with solution of lead acetate and 
a little ammonia; if the gas is present the slip becomes covered 
with a brownish-black shining film of lead sulphide. To de- 
tect a trace of an alkali sulphide in presence of a free alkali 
or an alkali carbonate, the best way is to mix the fluid with a 
solution of lead hydroxide in soda, which is prepared by mixing 
solution of lead acetate with solution of soda until the precipi 
tate which forms at first is redissolved. 

5. If a fluid containing hydrosulphuric acid or an alkali sulphide is 
mixed with solution of soda, then with sodium nitroprusside,* it acquires 


a fine reddish-violet tint. The reaction is very delicate; but that with 
solution of lead hydroxide in soda is still more sensitive. 


6. If metallic sulphides are exposed to the owidizing flame of 
the blowpipe, the sulphur burns with a blue flame, emitting at 
the same time the well-known odor of sulphur dioxide. If a 
metallic sulphide is heated in a glass tube open at both ends, 
in the upper part of which aslip of blue litmus-paper is in- 
serted, and the tube is held in a slanting position during the 


* As nitroprusside of sodium can very well be dispensed with, I have 
omitted giving it a place among the reagents. 
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operation, the escaping sulphur dioxide reddens the litmus- 


paper. 

7. If a finely-pulverized metallic sulphide is boiled in a porcelain dish 
with solution of soda, and the mixture heated to incipient fusion of the 
caustic soda, or if the test specimen is fused in a platinum spoon with 
caustic soda, and the mass is, in either case, dissolved in a little water, a 
piece of bright sil ver (a polished coin) put into the solution, and the fluid 
warmed, a brownish-black film of silver sulphide forms on the metal. 
This film may be removed afterwards by rubbing the metal with leather 
and quicklime (v. KoBELt). 

8. If the powder of a sulphide which is decomposed by hydrochloric ~ 
acid with difficulty, or not at all, is mixed in a small cylinder, or in a 
wide-necked flask, with an equal volume of finely-divided iron free from 
sulphur (ferrum alcoholisatum), and some moderately dilute hydrochloric 
acid (1 volume of concentrated acid to 1 volume of water) is poured over 
the mixture, in a layer a few lines thick, hydrosulphuric acid escapes 
along with the hydrogen. This may be easily detected by placing a slip 
of paper moistened with solution of lead acetate, and dried again, under 
the cork, so that the bottom is covered by it, the ends of the slip project- 
ing on both sides, and then loosely inserting the cork into the mouth of 
the flask. Realgar, orpiment, and molybdenite do not show this reaction 
(v. KoBELL). 


§ 157. 


Recapitulation and remarks.—Most of the acids of the 
first group are also pte: mets by silver nitrate, but the pre- 
cipitates cannot well be confounded with the silver compounds 
of the acids of the second group, since the former are soluble 
in dilute nitric acid, whilst the latter are insoluble in that men- 
struum. The presence of HyDRosuLPHURIC AcID interferes with 
the testing for the other acids of the second group; this acid 
must therefore, if present, be removed before the testing for 
the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when present in the free state, may be ef- 
fected by simple ebullition; and when present in the form of — 
an alkali sulphide, by the addition of a metallic salt, such as — 
will not precipitate any of the other acids, or at least will not 
precipitate them from acid solutions. Hyprropic and nyDRoocy- — 
ANIC AcIDs may be detected, even in presence of hydrochloric | 
or hydrobromie acid, by the equally characteristic and delicate — 
reactions with starch or carbon disulphide (with addition of a 
fluid containing nitrous acid), and with solution of ferrous with — 
a little ferric salt. But the detection of cHtoriINE and BROMINE — 
is more or less difficult in presence of iodine and cyanogen. — 

These latter must therefore, if present, be removed before the — 
tests for chlorine and bromine can be applied. The separation — 
of the cyanogen may be readily effected by converting the — 
whole of the radicals present into silver salts and igniting; the — 
silver cyanide is decomposed in this process, whilst the chloride, — 
bromide, and iodide of silver remain unaltered. Upon fusing — 
the ignited residue with sodium carbonate and boiling the 
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fused mass with water, sodinm chloride, bromide, and iodide 
are obtained in solution. The fused silver compounds may 
also be readily decomposed with zinc; all that is required for 
this purpose is to pour water over them, to add a little sul- 
phuric acid and a fragment of zine, to let the mixture stand 
some time, and finally to filter the solution of zine chloride 
bromide, or iodide from the separated metallic silver. 

The iodine may be separated from the chlorine and bromine, 
by treating the silver compounds with ammonia, but more accu- 
rately by precipitating the iodine as cuprous iodide. From 
bromine iodiire is separated most accurately by palladions chlo- 
ride, which only precipitates the iodine; from chlorine it is 
separated by palladious nitrate. 

Bromine in presence of iodine and chlorine may be identified 
by the following simple operation: Mix the fluid with a few 
drops of dilute sulphuric acid, then with some starch-paste, 
and add a little red fuming nitric acid or, better still, a solution 
of nitrogen tetroxide in sulphuric acid, whereupon the iodine 
reaction will show itself immediately. Add now chlorine- 
water drop by drop until that reaction has disappeared; then 
add some more chlorme-water to set the bromine also free, 
which may then be separated and identified by means of chlo- 
roform or carbon disulphide. Or the iodine after being liber- 
ated in a highly dilute fluid may be also taken up with chloro- 
form or carbon disulphide, the aqueous fluid may then be fil- 
tered through a moist filter, and the bromine detected in the 
filtrate by means of chloroform or carbon disulphide and chlo- 
rine-water. Jor the latter process you may substitute the fol- 
lowing: immediately after the liberation of the iodine can- 
tiously add chlorine-water, when the violet-red coloration will 
gradually fade away, and give place to the brownish-red color 
indicative of bromine. 

The detection of cutormes in presence of bromides and iodides 
is best effected by precipitating with silver nitrate, washing the 
precipitate, digesting it with a mixture of 1 part ammonia and 
_ 8 parts water, filtering off the silver iodide, precipitating the 
filtrate with nitric acid, washing the precipitate (which contains 
silver chloride and bromide with a trace of iodide), drying it, 
fusing with sodium carbonate, extracting the fusion with water, 
neutralizing the solution with sulphuric acid (the reaction may 
be somewhat alkaline), evaporating to dryness, fusing the residue 
with potassium dichromate, and treating the fusion according to 
§ 152, 7. The presence of much iodine interferes with the re- 
action, therefore it is directed to be removed. 


_ As regards the starch reaction, it must be noted that many salts 

(alum, alkali sulphates, magnesium sulphate, &c.) diminish its delicacy. 
Also as regards this and the carbon disulphide reaction, when nitrogen 
tetroxide is used to liberate the iodine, the presence of sulphocyanates may 
yecasion mistakes (NADLER,) since a reddish color may occur in the absence 


’ 
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of iodine from formation of pseudosulphocyanogen. By shaking with 
carbon disulphide the coloring substance is for the most part taken up. 

Besides the above mentioned agents for liberating iodine many others 
have becn proposed, and may be employed; thus, for instance, iodic acid or 
t ‘kali iodate and hydrochloric acid (v. Lrzsie); ferric chloride and sul- 
phuric acid, or platinic chloride with addition of some hydrochloric acid 
(HEMPEL) ; potassium permanganate in slightly acidified solution (Hunky), 
&c. With respect te these agents I have to observe that iodic acid must be 
used with the greatest caution, as a, in presence of reducing substances 
iodine is set free from the reagent, and 6, an excess of iodic acid will at 
once put an end to the reaction. Ferric chloride, with addition of sul- 
phuric acid, will not act immediately upon very dilute solutions, but after 
a time the reaction will make its appearance, revealing the presence of even 
the minutest trace of iodine; the delicacy of the reaction is not materially 
impaired by an excess of the reagent. Ferric chloride may be used with 
advantage when iodine is to be liberated in the gaseous state, which should 
be done in the presence of sulphocyanates. The fluid is then heated 
nearly to boiling, and the escaping fumes are made to act on paper smeared 
with fresh starch paste. Potassium permanganate acts immediately, even 
in the most dilute solutions. However, as a fluid colored by minute traces 
of iodized starch is also apt to look reddish, the coloration imparted by 
the permanganic acid alone may lead to mistakes in using the starch 
test. From six to twelve hours should therefore always be allowed to 
elapse before judging of the actual nature of the coloration. The modus 
operandi may of course be modified in various ways to increase the 
delicacy of the starch reaction ; interesting particulars upon this point may 
he found in the papers of Mortn* and HeEMPEL.¢ 

Chlorine, bromine, and iodine, may also be distinguished from each other 
by the spectroscope, for the spectra of their copper salts, though containing 
many blue and green lines, vary in the position and prominence of the 
lines; they may also be detected in presence of one another, for by cautiously 
heating the silver salts with cupric oxide in a current of hydrogen, and 
lighting the escaping gas, the flame will be colored first by the copper 
chloride, then by the copper bromitle, and lastly by the copper iodide (An 
Mirscuerticn).t The use of this method requires considerable practice in 
consequence of the similarity of the spectra, and the method therefore ap- 

“pears to me of more scientific interest than practical importance. 


§ 158. 
Rarer Acids of the Second Group. 
1. Nrrrovs Actp, H N Oo, or N O. O H. 


NITROGEN DIOXIDE, N2 Oz, is a colorless gas evolved in the action of metals 
(copper, silver, &c.) on nitricacid; mixed with } its volume of oxygen it forms 
at low temperatures N2 O;; with 4 its volume of oxygen it yields at common 
temperatures N2 O.. NrTROGEN TRIOXIDE or NITROUS ANHYDRIDE, N, Os, ex- 
ists as a deep blue liquid at temperatures below 0°. Above 0° it decomposes 
partially into Nz O. and Nz O,, and at common temperatures the mixture 
appears as a brownish-red gas, In contact with a little cold water it yields 
probably nitrous acid, Ne Os+H., O=2 (H N Oz). With much and warm 
water it is converted for the most part into nitric acid, which dissolves, 
and nitrogen dioxide, which escapes as gas when the quantity of water i 
not very large, 3 N: Os+H: O=2 H N 0;42 No O2. 


* Journ. f. prakt. Chem. 78, 1. tArn. d. Chem. u. Pharm, 107, 102 
¢ Zeitschr, f. anal. Chem. 4, 153. 
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NITROGEN TETROXIDE, N2 O,, at 20° is a colorless crystalline mass which 
melts at 12° and boils at 28°, yielding ared gas. Mixed with water it yields 
nitrous and nitric acid, No O,+H.,O=HNO.+HNOs. With an alkali it 
yields a nitrite and a nitrate. 

The NrirRrIrEs are decomposed by ignition; many of them are solu- 
ble in water. When nitrites or concentrated solutions of nitrites are 
treated with dilute sulphuric acid nitric acid is formed and nitrogen 
dioxide is evolved. In concentrated solutions of alkali nitrites, séver 
nitrate produces a white precipitate, which dissolves in a very large pro- 
portion of water, especially upon application of heat; ferrous sulphate, 
upon addition of a small quantity of acid, produces a dark blackish-brown 
coloration, which is due to the nitrogen dioxide dissolving in the ferrous 
solution. Hydrosulphuric acid produces insolutions containing nitrous acid, 
after neutralization by an acid of the free alkali, should any be present, a 
copious precipitate of sulphur, the reaction being attended also with forma. 
tion of ammonium nitrate. Pyrogallic acid imparts a brown color to even 
_ very dilute solutions of nitrites acidified with sulphuric acid (ScHéNBEIN)- 
On addition of potassium cyanide to an alkaline nitrite, then of some neu. 
tral solutions of cobalt chloride, and a little acetic acid, the fluid becomes 
orange-rose colored from the formation of cobalt potassium nitrocyanide 
(C. D. Braun). But the most delicate reagent for nitrous acid is solution 
of potassium iodide mixed with starch paste, especially upon addition of 
sulphuric acid (Price, ScHéNBEIN). Water containing the one hundred 
thousandth part of potassium nitrite, together with free sulphuric acid, is 
colored distinctly blue by this reagent in a few seconds, and a few minutes 
suflice to produce ths same effect in water containing one millionth part of 
potassium nitrite. This reaction is trustworthy only where no other sub- 
stance is present that might exercise a decomposing action upon potassium 
iodide, such, for instance, as iodic acid, ferric salts, &c. On adding indigo 
solution to water till the latter has lost its transparence from the depth of 
color, then hydrochloric acid and afterwards a solution of alkali polysutl- 
phide with stirring, till the blue color just vanishes, filtering and adding 
to the clear filtrate a solution of the merest trace of nitrous acid, a most 
distinct bluish coloration will at once be produced. This reaction is to be 
recommended in the presence of other reducing bodies which interfere with 
the action of nitrous acid upon an acidified solution of starch and potassium 
iodide (ScHéNBEIN). But it must not be overlooked that other oxidizing 
substances reproduce the blue color. On mixing a solution of nitrous acid 
(for instance, a solution of potassium nitrite acidified with acetic acid) with 
potassium sulphocyanate the fluid is not colored, but on the further addition: 
of nitric acid, a dark-red color makes its appearance, which vanishes on, 
addition of alcohol or after heating for ashort time (difference from ferric: 
sulphocyanate). The coloring substance is mostly taken up from this by 
shaking with carbon disulphide. It will be evident that this reaction is. 
due to nitrogen tetroxide, and not to nitrous acid, hence it may be used to. 
distinguish between the two. 


2. Hypocunorous Acrp, H Cl O. 


_ Hypocunorovs oxrpe, Cl: O, at the common temperature, is a deep yel- 
lowish-green gas of a disagreeable irritating odor, similar to that of chlo- 
rine. It dissolves in water, forming HyPocHLOROUS ACID, Cl:O + H:0 = 
2H C10; the dilute aqueous solution bears distillation. The HyPpocuLo. 
RITES are usually found in combination with metallic chlorides, as is the: 
case, for instance, in “chloride of lime” or calcium hypochlorite, plus cal- 
cium chloride, Ca Cl: O2. + Ca Cle, eau de Javelle, or solution of sodium: 
hypochlorite, plus sodium chloride. The solutions of hypochlorites under- 
go alteration by boiling. the hypochlorite being resolved into chluride and 
chlorate, attended, in the case of concentrated, but not in that of dilute 


16 
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solutions, with evolution of oxygen. If a solution of “‘ chloride of lime” is 
mixed with hydrochloric acid or sulphuric acid, chlorine is disengaged, 
whilst addition of a little nitric acid leads to the liberation of hypochlo- 
rous acid. Silver vitrate throws down from solution of “‘ chloride of lime” 
silver chloride [the silver hypochlorite which forms at first is speedily re- 
solved into silver chloride and chlorate, 3Ag Cl O = Ag Cl O; + 2Ag Cl]; 
lead nitrate produces a precipitate which from its original white changes 
gradually to orange-red, and ultimately, owing to formation of lead diox- 
ide to brown; manganese salts give brown-black precipitates of manga- 
nese dioxide. Solution of potassium permanganate is not decolorized. So- 
lutions of litmus and indigo are decolorized even by the alkaline solutions 
of hypochlorites, but still more rapidly and completely upon addition of 
an acid. Ifa solution of arsenious oxide in hydrochloric acid is colored 
blue with solution of indigo, and asolution of “chloride of lime” is added, 
with active stirring, the decoloration will take place only after the whole 
of the arsenious oxide has been converted to arsenic acid. 


3. Cutorous Acrp, H Cl Oz. 


CHLOROUS OXIDE, Cl: Os, isa yellowish-green gas of a peculiar and very 
disagreeable odor ; it is soluble in water, with production of CHLOROUS ACID. 
‘The solution has an intensely yellow color, even when highly dilute. Most 
of the cHLoRITES are soluble in water; the solutions readily suffer lecom- 
position, the chlorites being resolved into chlorides and chlorates. Silver 
nitrate.precipitates white silver chlorite, which is soluble in much water. 
A solution of potassium permanganate is immediately decomposed, and a 
‘brown precipitate separates after some time. Tincture of litmus and solu- 
tion of indigo are instantly decolorized, even if mixed with arsenious oxide 
in excess. If a slightly acidified dilute solution of a ferrous salt is mixed 
with a dilute solution of chlorous acid, the fluid transiently acquires an 
amethyst tint, and assumes only after the lapse of a few seconds the yellow- © 
ish coloration of ferric salts (LENSSEN). 


4. HyporpnospHorovus Acrp, Hs P Os. 


The concentrated solution of HYPoPHOSPHOROUS ACID is of syrupy con- 
sistence, and resembles that of phosphorous acid (see § 148), with which it 
also has this in conimon, that it is resolved by heating, with exclusion of 
air, into phosphoric acid and not spontaneously inflammable phosphoretted 
hydrogen gas. Almost all hypophosphites are soluble in water; by igni- — 
tion all of them are resolved into phosphate and phosphoretted hydrogen, 
which in most cases is spontaneously inflammable. Barium chloride, cal-— 
cium chloride, and lead acetate fail to precipitate solutions of hypophos- — 
phites (difference from phosphorous acid). Silver nitrate gives with hy- 
pophosphites at first a white precipitate of silver hypophosphite, which 
turns black even at the common temperature, but more rapidly on heating, 
the change of color being attended with separation of metallic silver. From 
excess of mercuric chloride, hypophosphorous acid precipitates mercurous 
chloride slowly in the cold, more rapidly on heating. | With zine and di- 
lute sulphuric acid hypophosphorous acid gives hydrogen mixed wi 
phosphoretted hydrogen. (Compare § 148, Phosphorous Acid.) a 
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Third Group. 


AcIDS WHICH ARE NOT PRECIPITATED BY BArRtuM SALTS NOR BY 
Sitver Saris: Wttrie Acid, Chloric Acid (Perchloric Acid). 


§ 159. 
a. Nrrrtc Acm, H N O,. 


1. Nirrocen prentoxine, N, O,, crystallizes in six-sided prisms. 
It fuses at 29°5°, and boils at about 45° (Devitte). Pure nrrria 
AcID is a colorless, exceedingly corrosive fluid, which emits 
fumes in the air, exercises a rapidly destructive action upon 
organic substances, and colors the albuminoids intensely yel- 
low. Nitric acid containing nitrogen tetroxide, N,O,, has a 
red color. 

2. All the normax satts of nitric acid are soluble in water; 
ouly some of the basic nitrates are insoluble. All nitrates un- 
dergo decomposition at an intense red heat. Nitrates of the 
alkali metals at first yield oxygen, and change to nitrites, after- 
wards they yield oxygen and nitrogen. Those with other bases 
yield oxygen and nitrogen trioxide, N, O,, or tetroxide. 

3. If a nitrate is thrown upon red-hot charcoal, or if charcoal 
or some organic substance, paper for instance, is brought into 
contact with a nitrate in fusion, peFLAGRAtTION takes place, 72.¢., 
the charcoal burns at the expense of the oxygen of the nitric 
acid, with vivid scintillation. 

4, If a mixture of a nitrate with potassium cyanide in pow- 
der is heated (use very small quantities /) on platinum foil, a 
vivid DEFLAGRATION ensues, attended with distinct ignition and 
detonation. Even very minute quantities of nitrates may be 
detected by this reaction. 

5. If a nitrate is mixed with copper filings, and the mixture 
heated in a test-tube with concentrated sulphuric acid, the air — 
in the tube acquires a yellowish-red tint, owing to the nitrogen 
dioxide, N,O,, which is liberated upon the oxidation of the 
copper by the nitric acid, combining with the oxygen of the 
air to nitrogen tetroxide. The coloration may be observed 
most distinctly by looking lengthways through the tube. 

6. 1f the solution of a nitrate is mixed with an equal volume 
of concentrated sulphuric acid, free from nitric acid and oxides 
of nitrogen, the mixture allowed to cool, and a concentrated 
solution of ferrous sulphate then cautiously added to it so that 
the fluids do not mix, the junction shows at first a purple, after- 
wards a brown color, or, in cases where ir a very minute 

uantity of nitric acid is present, a reddish color. On mixing 
the fluids a brownish purple-red clear fluid is obtained. In this 
process ferrous nitrate passes into ferric nitrate, breaking up 
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nitric acid and liberating hydrogen which reacts on more nitri¢ 
acid giving water and nitrogen dioxide, 6 Fe’’(N O,),+6 HN O, 
=8 Ne" (NO), +H,'and 1. +20 N O:-4 2 Ota 
The nitrogen dioxide unites with a portion of ferrous salt, 
and forms with it a peculiar compound, which dissolves in 
water to a brownish-black color. A similar reaction is ob- 
served in presence of selenious acid; but on mixing the fluid 
and letting it stand, red selenium separates (Wirrsroor). 

7. If a little brucia is dissolved in, pure concentrated sulphu- 
ric acid (to which it gives a faint rose tint) and a small quantity 
of a fluid containing nitric acid added to the solution, the latter 
immediately acquires a magnificent red color. This reaction is 
extraordinarily delicate. ‘The color soon passes into reddish 
yellow. Chloric acid gives the same reaction. 

8. Dissolve one part of carbolic acid in four parts of strong 
sulphuric acid, and add two parts of water. A drop or two of 
this fluid added to a solid nitrate (e. g., to the residue obtained 
by evaporating a few drops of well-water containing nitrates) 
gives a reddish-brown color, from the formation of a nitro. 
compound. On addition of a drop or two of strong ammonia, 
this color turns yellow, sometimes passing through a green shade 
A very delicate reaction (H. Sprencxt). 

9. If some hydrochloric acid is boiled in a test-tube, one or two drops of 
very dilute indigo solution added, and the mixture boiled again, the 
fluid remains blue (provided the hydrochloric acid was free from chlor- 
ine). Ifa nitrate, solid or in solution, is now added to the faint light- 
blue fluid, and the mixture heated again to boiling, the color disap- 
pears owing to the decomposition of the indigo blue. This is a most 
delicate reaction. It must be borne in mind, however, that several other 
substances also cause decoloration of solution of indigo—free chlorine more 
particularly produces this effect. 

10. Very minute quantities of nitric acid may be detected also by reduc- 
ing the nitric acid first to nitrous acid, which may be effected both in the 
moist and in the dry way; in the former by heating the solution of the 
nitric acid or of the nitrate for some time with finely-divided zinc, best 
with zinc amalgam, and then filtering (ScH6NBEIN) ; in the dry way by fus- 
- ing the substance with sodium carbonate at a moderate heat, extracting the 
mass, after cooling, with water, and filtering. Upon adding either of the 
filtrates to a solution of potassium iodide mixed with starch-paste and dilute 
el. acid the fluid acquires a blue color from iodized starch (comp. 
§ 158, 1). 


§ 160. 
6. Cutortc Act, H Cl O,. 


1. Catoric aor, in its most highly concentrated solution, is — 
a colorless or slightly yellowish oily fluid; its odor resembles 
that of nitric acid, Tt first reddens litmus, then bleaches it. 
Dilute chlorie acid is colorless and inodorous. 

2. All catoratss are soluble in water. When chlorates are 
heated to redness, the whole of the oxygen escapes and metallic 
chlorides remain. 

3. Heated with churcoal or some organic substance the chloe 
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rates DEFL.AGRATE, and this with far greater violence than the 
nitrates. 

4. If a mixture of a chlorate with potassiwm cyanide isheated 
on platinum foil, DEFLAGRATION takes place, attended with strong 
detonation and ignition, even though the chlorate be present 
only in minute quantity. This experiment should be made 
with very small quantities and with great caution / 

5. If the solution of a chlorate is colored light-blue with solu- 
tion of indigo, a little dilute sulphuric acid added, and a 
solution of sodium sulphite dropped cautiously into the blue 
fluid, the color of the indigo disappears immediately. The 
cause of this equally characteristic and delicate reaction is, that 
the sulphurous acid deprives the chloric acid of its oxygen, thus 
setting free chlorine or a lower oxide of it, which then decolor- 
izes the indigo. 

6. 1f chlorates are heated with moderately dilute hydrochloric 
aced the constituents of the two acids transpose, forming water, 
chlorine, and chlorine tetroxide: 2 H C] O,+2 H Cl=2 H, O 
+2 Cl+Cl,O,. The test-tube in which the experiment is made 
becomes filled in this process with a greenish-yellow gas of a 
very disagreeable odor resembling that of chlorine; the hydro- 
chloric acid acquires a greenish-yellow color. Ifthe hydrochloric 
acid is colored blue with indigo solution, the presence of very 
minute quantities of chlorates will suftive to destroy the indigo 
color at once. 

7. If a little chlorate is added to a few drops of concentrated 
sulphuric acid in a watch-glass, the liberated chloric acid breaks 
up into perchloric acid and chlorine tetroxide: 38 H ClO, = 

C1O,+Cl,O,+H,O. Chlorine tetroxide imparts an intensely 
yellow tint to the sulphuric acid, and betrays its presence also 
by its odor and the greenish color of the evolved gas. The ap- 
plication of heat must be avoided in this experiment, and the 
quantities operated upon should be very small, since other- 
wise the decomposition might take place with such violence as 
to cause a dangerous explosion. 


8. Chloric acid shows the same deportment as nitric acid towards brucia 
dissolved in concentrated sulphuric acid (LucK). Compare § 159, 7. 


§ 161. 


Recapitulation and remarks.—Of the reactions which have 
been given to effect the detection of nrrric acm, those with 
ferrous sulphate and sulphuric acid, with copper filings and 
sulphuric acid, with carbolic acid, and alsothose based upon the 


reduction to nitrites, give the most positive results; with regard 


to deflagration with charcoal, detonation with potassium cyanide, 
decoloration of solution of indigo and coloration with brucia, 
we have seen that these reactions belong equally to chlorates as 
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to nitrates, and are consequently decisive only where no chloric 
acid is present. The presence of free nitric acid in a fluid may 
be detected by evaporating in a porcelain dish on the water- 
bath to dryness, having first thrown in a few white quill-cuttings : 
yellow coloration of these indicates the presence of nitric acid 
(Runer). The best way to ascertain whether cuLoric acrp is 
present or not (in the absence of other oxygen compounds of 
chlorine) is to ignite the substance, with addition of sodium 
carbonate, dissolve the mass, and test the solution with silver 
nitrate. Ifa chlorate is present, this is converted into a chlo- 
ride upon ignition, and silver nitrate will produce a precipi- 
tate of silver chloride. However, the process is thus simple 
only if no chloride is present with the chlorate. In presence 
of a chloride, the chlorine of the latter must be removed by 
adding silver nitrate to the solution as long as a precipitate 
continues to form, and filtering ; the filtrate is then, after ad- 
dition of pure sodium carbonate, evaporated and ignited. It is, 
however, generally unnecessary to pursue this circuitous way, 
since the reactions with concentrated sulphuric acid, and with 
indigo and sulphurous acid, are sufficiently marked and char- 
acteristic to aiford positive proof of the presence of chloric acid, 
even in presence of nitrates. The best way of detecting 
nitric acid in presence of a large proportion of chloric acid is 
to mix the substance with sodium carbonate in excess, evaporate, 
ignite the residue gently, but sufficiently long to convert the 
chlorate into chloride, and then test the residue for nitric acid, 
or for nitrous acid. 


§ 162. 
Percaioric Acip, H Cl O.. 


Pure anhydrous perchloric acid is a colorless, mobile fluid, which forms 
dense white fumes in the air, and explodes with great violence when 
dropped on wood-charcoal (Roscoz). The hydrate H Cl O,. He O erys- 
tallizes in needles ; the concentrated aqueous solution is oily and heavy. 
The dilute solution gives by distillation first water, then dilute acid, and 
finally concentrated acid. All perchlorates are soluble in water, most of 
them freely. They are all decomposed by ignition, those with alkali 
bases leaving chlorides behind, with disengagement of oxygen. Potas- 
sium salts produce in not too dilute solutions a white crvstalline precipi- 
tate of potassium perchlorate, K Cl O., which is sparingly soluble in water, 
insoluble in alchohol. Barium salts and silver salts are not precipitated. 
Concentrated sulphuric acid fails to decompose perchloric acid in the cold, 
and decomposes it with difficulty on heating (difference from chloric 
acid). Hydrochloric acid, nitric acid, and sulphurous acid fail to decom- 
pose aqueous solutions of perchloric acid or perchlorates; solution of 
indigo, therefore, previously added to it, is not decolorized (difference 
from all other acids of chlorine). ; 
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II. Oreaanto Acips. 
First Group. 


Tne Acips oF THE Firsr Group ARE DECOMPOSED ENTIRELY OR 
PARTIALLY BY Icnrrion.* Tue AcIDS ARE DECOMPOSED BY 
BOILING WITH CONCENTRATED Nirric Acip.t THrrr Carcium 
SALTS ARE INSOLUBLE OR DIFFICULTLY SOLUBLE IN WATER. 
Tne SoLvrions oF THEIR NORMAL ALKALI SALTS ARE NOT PRE- 
CIvITATED BY I'rrRIc cHLoRIDE: Oxalic Acid, Turtarie Acia 
(Ragemie Acid), Citric Acid, Malie Acid. 


§ 163. 
a. Oxatic Aocmw. 
For the reactions of oxalic acid I refer to § 145. 
b. Dexrro Tarraric Acrp, C,H, (O H), (COO H), = C,H, O,. 


1. Ordinary or pExrRo TaRTARIC AcID forms colorless crystals 
of an agreeable acid taste, which are persistent in the air, and 
soluble in water and in alcohol. Heated to 100°, tartaric acid 
loses no water; heated to 170°, it fuses; at a higher tempera- 
ture it becomes carbonized, emitting during the process a very 
peculiar and highly characteristic odor, Ritch resembles that 
of burnt sugar. Aqueous solution of tartaric acid, as also of 
almost all tartrates, turns the plane of polarization of light 
towards the right. By heating with nitric acid tartaric acid is 
converted into oxalic, acetic, and saccharic acids. 

2. The rarrrates of the alkali metals are soluble in water, 
and so are the tartrates of the metals of the third and fourth 
groups. Evaporated on the water-bath to syrupy consistence, 
the solution of ferric tartrate deposits a pulverulent basic salt. 
Those of the tartrates which are insoluble in water dissolve in 
hydrochloric or nitric acid. The tartrates suffer decomposition 
when heated to redness; charcoal separates, and the same 
peculiar odor is emitted as attends the carbonization of free 
tartaric acid. 

3. If to a solution of tartaric acid, or to that of an alkali 
tartrate, solution of an aluminic or of a ferrie salt is added in 
not too large proportion, and then ammonia or potassa, no pre- 
cipitation of aluminic or ferric hydroxide will ensue, since the 
double tartrates formed are not decomposed by alkalies. Tar- 
* .* Oxalic acid, when cautiously heated, partially sublimes unaltered. 

+ ‘The decomposition of oxalic acid by boiling nitric acid into carbon dioxide 
and water is but slow. 
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taric acid prevents also the precipitation of several other hy- 
droxides by alkalies. 

4. Free tartaric acid produces, with potassium salts, and 
more particularly with the acetate, a sparingly soluble precipi- 
tate of HYDROGEN POTASSIUM TARTRATE OC, H, K O,. A similer 
precipitate is formed when potassium acetate and free acctic 
acid are added to the solution of the normal tartrate. The 
hydrogen potassium tartrate dissolves readily in alkalies and 
mineral acids; tartaric acid and acetic acid do not increase its 
solubility in water. The separation of the hydrogen potassium 
tartrate precipitate is greatly promoted by shaking, or by rubbing 
the sides of the vessel with a glass rod. The delicacy ,of the 
reaction may be heightened by concentrating the solution of the 
tartaric acid. Addition of an equal volume of alcohol heightens 
the delicacy of the reaction. In the presence of boriv acid 
potassium fluoride must be used instead of potassium acetate ; 
this forms potassium borofluoride, and prevents the production 
of the soluble compound of boric acid, tartaric acid, and 
potassiuin (BarForp). 

5. Calcium chloride added in excess * throws down from 
solutions of normal tartrates a white precipitate of caLcium 
TARTRATE C, H, Ca O, + 4 Aq. Presence of ammonium salts 
retards the formation of this precipitate for a more or less 
considerable space of time. Agitation of the fluid or friction 
on the sides of the vessel promotes the separation of the precipi- 
tate. The precipitate is crystalline, or invariably becomes so 
after some time; it dissolves in a cold, not over dilute solution 
of potassa or soda, pretty free from carbonate, to a clear fluid. 
But upon boiling this solution, the dissolved calcium tartrate 
separates again in the form of a gelatinous precipitate, which 
redissolves upon cooling. 

6. Lime water added in excess * produces in solutions of 
normal tartrates—and also in a solution of free tartaric acid, 
if added to alkaline reaction—-white precipitates which, floceu- 
lent at first, assume afterwards a crystalline form; so long as 
they remain flocculent they are readily dissolved by tartari¢ acid 
as well as by solution of ammonium chloride. From these 
solutions the calcium tartrate separates again, after the lapse of 
several hours, in the form of small crystals deposited upon the 
sides of the vessel. 

7. Solution of calcium sulphate added in excess* fails to 
_ produce a precipitate in a solution of tartaric acid ; in solutions 
of normal tartrates of the alkali metals, it produces a trifling 
precipitate after. the lapse of some time. 


8. If solution of ammonia is poured upon even 2 very minute quantity 
of calcium tartrate, a small fragment of crystallized silver nitrate added, 


* Potassium or sodium tartrate dissolves calcium tartrate (as well as certain 
other saits insoluble in water, such as calcium phosphate, barium sulphate, &c) 
Hence the alkali tartrate must be fully decomposed by the reagent. ; 


§ 164. | CITRIC ACID. 249 


and the mixture slowly and gradually heated, the sides of the test-tube are 
covered with a bright coating of metallic silver. If, instead of a erystal, 
solution of silver nitrate be used, or heat be applied more rapidly, the reduced 
silver will separate in a pulverulent form (ArTiItUR CASSELMANN). 

9. Lead acetate produces white precipitates in solutions of tartaric acid 
and its salts. The washed precipitate (Cs H, Pb Os) dissolves readily in 
nitric acid and in ammonia free from carbonic acid. 

50. Silver nitrate does not precipitate free tartaric acid ; but in solutions 
of normal tartrates it produces a white precipitate of sILVER TARTRATE 
(C, Hy Ags Ov), which dissolves readily in nitric acid and in ammonia ; upon 
boiling it turns black, owing to reduction of the silver. 

11. Upon heating tartaric acid or a tartrate with concentrated sulphuric 
acid, the latter acquires a brown color almost simultaneously with the 
evolution of gas. 


8 164. 
e. Crreic Aci, C, H, (0 H)(C O O H), = OC, H, O,. 


"1. Crysraniizep orrric acta, obtained by the cooling of its 
solution, has the formula 2 C, H, O,. H, O. It erystallizes in 
pellucid, colorless and inodorous crystals of anagreeable strongly 
acid taste, which dissolve readily in water and in alcohol, and 
etfloresce slowly in the air. Heated to 100° the crystallized 
cid loses its water of crystallization; when subjected to the 
action of a stronger heat, it fuses at first, and afterwards carbon- 
izes, with evolution of pungent acid fumes, the odor of which 
may be readily distinguished from that emitted by tartaric acid 
upon carbonization. By heating with a little nitric acid, citric 
acid gives oxalic and acetic acids; with much nitric acid it gives 
acetic acid only. Citric acid is tribasic. 

2. The crrrates with alkali base, whether normal or acid, are 
readily soluble in water; solution of citric acid therefore is 
not precipitated by potassium acetate. Various citrates con- 
taining weak bases, such as ferric citrate, for instance, are also 
freely soluble in water. Evaporated on the water-bath to syrupy 
consistence the solution of ferric citrate deposits no solid salt. 
Citrates, like tartrates, and for the same reason, prevent the 
precipitation of aluminic and ferric hydroxide, &¢., by alkalies. 

3. Caleium chloride fails to produce a precipitate in solution 
of free citric acid, even upon boiling; but a precipitate of 
NORMAL CALCIUM orrrate (C, H, O,), Ca,. H, O forms immedi- 
ately upon saturating with potassa or soda the concentrated 
solution of citric acid, mixed with calcium chloride in excess.* 
The precipitate is insoluble in potassa, but dissolves freely in 


* Alkali citrates are actual solvents for many compounds insoluble in water 
,barium sulphate, calcium phosphate, calcium oxalate, &c.), Hence the alkali 
citrate must be fully decomposed by the reagent, 
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solution of ammonium chloride; upon boiling this ammonium 
chloride solution, normal calcium citrate separates again in the 
form of a white crystalline precipitate, which however is now 
uo longer soluble in ammonium chloride. If a solution of citrie 
acid mixed with excess of calcium chloride * is saturated with 
ammonia, a precipitate will form in the cold only after mans 
hours’ Seria but upon boiling the clear fluid, normal eal. 
cium citrate of the properties just stated will suddenly precipi- 
tate. By heating calcium citrate with ammonia and silver 
nitrate the latter salt is not reduced, or only to a trifling extent. 

4. Lime-water added in excess * produces no precipitate in 
cold solutions of citric acid or of citrates. But upon boiling 
some time with a tolerable excess of hot prepared lime-water, a 
white precipitate of caLcium crrraTe is formed, of which the 
greater portion redissolves upon cooling. 

5. Barium acetate added in excess to a solution of an alkali 
citrate, whether hot or cold, produces an amorphous precipitate 
of the formula (C, H, O,), Ba,. 7 H, O. Baryta water added in 
excess to citric acid produces the same precipitate. The pre- 
cipitate does not make its appearance in dilute solutions, because 
it is not insoluble in water, but if such solutions are heated, a 
precipitate separates which is first amorphous and soon turns to 
microscopic needles of the formula (C, H, O,), Ba,. 5 H,O. On 
heating this or the amorphous salt with excess of barium acetate 
for two hours on the water-bath, another very characteristic 
salt is formed. The latter consists of well-formed clinorhombie 
prisms, and has the formula (C, H, O,), Ba,. 35 H,O. IZtfthe 
solution is very dilute the salt does not form till after evapora- 
tion. This is an infallible reaction for citric acid + (H. KAm- 
MERER). From experiments made in my laboratory it appears 
that the addition of a drop of acetic acid materially assists the 
transition to the characteristic salt. | 


6. Lead acetate added in excess to a solution of nitric acid produces a 
white amorphous precipitate of LEAD crTRATE, which after washing is 
readily soluble in ammunia free from carbonate. By digestion for several 
hours with water or acetic acid on a water-bath, the precipitate becomes 
crystalline, and then has the formula (Cs Hs O7)2 Pbs. 3 H2 O. The micro- 
scope does not reveal the presence of well-formed crystals. <i 

7. Silver nitrate produces in solutions of normal citrates of the alkali metals 
a white flocculent precipitate of sILVER CITRATE, Cs Hs O; Ags. On boiling — 
a rather large quantity of this precipitate with a little water a gradual de- 
composition sets in with separation of silver. : 

8. Upon heating citric acid or citrates with concentrated sulphuric acid, 
carbon monoxide and carbon dioxide escape at first, the sulphuric acid — 
retaining its natural color; upon continued ébullition, however, the solution — 
acquires a dark color, and sulphurous acid is evolved. 


*See note, arte. : 
+ ‘The microscope is needed for identifying these crystals which are figured 
in Fres, Zeitschrift, vol. 8, p. 299. : 
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§ 165. ] MALIC ACID. 


8 165. 
d. Mato Aci, C, H, (O H) (CO OH), = O,H, O,. 


1. Mauic acm crystallizes with difficulty, forming crystalline 
crusts, which deliquesce in the air, and dissolve readily in water 
and in alcohol. Exposed to a temperature of 140° malic acid 
is slowly converted, with loss of two molecules of water, into 
fumarice acid, C, H, (C O O H), = C, H, O,; heated more 
strongly malic acid is resolved into water and MAWUsIC ACID (iso- 
meric with fumaric acid) which volatilizes. This deportment 
of malice acid is highly characteristic. If the experiment is 
made in a small spoon, pungent acid vapors are evolved with 
frothing ; if the experiment is made in a small tube, the maleic 
_ acid first, and afterwards the fumaric acid also will condense 
_ to crystals in the colder part of the tube. By heating with — 
nitric acid malic acid readily yields oxalic acid, with evolution 
of carbon dioxide. 

_2. Malic acid forms with most bases salts soluble in water. 
Hydrogen potassium malate is not difficultly soluble in water ; 
_ potassium acetate fails therefore to precipitate solutions of malic 
_ acid. Malic acid prevents, like tartaric acid, the precipitation 
_ of ferric hydroxide, &c., by alkalies. . 

_ 38. Caleium chloride added in excess fails to produce a pre- 
_ Cipitate in solutions of free malic acid. Even after saturation 
_ with ammonia or soda no precipitate is formed. But upon boil- 
__ ing,a precipitate of catctum MaLarE, CO, H, O,Ca. H, O, separates 
_ from concentrated solutions. If the precipitate is dissolved in a 

_ very little hydrochloric acid, ammonia added to the solution, 

_ and the fluid boiled, the calcium malate separates again ; butif 


it is dissolved in a somewhat larger quantity of hydrochloric 


_ acid, it will not reprecipitate, after addition of ammonia in excess, 
_ even upon continued boiling. On adding one or two measures 
_ of alcohol the calcium malate separates in white flocks. If the 
fluid is previously heated nearly to boiling and hot alcohol is 
added, the precipitate is deposited in the form of soft lumps 
which adhere to the sides of the vessel ; on cooling they harden 
and cruinble by pressure to a crystalline powder (Barrorp). 
_ When heated with ammonia and silver nitrate, calcium malate 
_ Causes no separation of silver or hardly any. 
_ 4, Lime-water produces no precipitate in solutions of free 

“malic acid, nor in solutions of malates. The fluid remains per- 
fectly clear even upon boiling, provided the lime-water was 
prepared with boiling water. 
_ 9. Lead acetate throws down from solutions of malic acid 
_ and of malates a white precipitate of Luap Mazarz, C, H, O, 
- Pb. 3 H,0O. The precipitation is the most complete if the fluid 

is neutralized by ammonia, as the precipitate is slightly soluble 
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in free malic acid and acetic acid, and also in ammonia. If 
the fluid in which the precipitate is suspended is heated to boil- 
ing, a portion of the precipitate dissolves, and the remainder 
fuses to a translucent mass resembling resin melted under water, 
which on standing under the liquid gradually crystallizes. To 
obtain this reaction with small quantities, warm at first gently 
till the precipitate has shrunk together, then pour of the prin- 
cipal ‘ere of the fluid and heat the rest with the precipitate 
to boiling. This reaction is distinctly marked only if the lead 
malate is tolerably pure; if mixed with other lead salts—if, fer 
instance, ammonia is added to alkaline reaction—it is only im- 
perfect or fails altogether to make its appearance. 


6. Silver nitrate throws down from solutions of normal malates of the 
alkali metals a white precipitate of siLVER MALATE which upon long stand- 
ing uw: hoiling turns a little gray. ; 

7. On mixing the warm solution of free malic acid with magnesia or 
magnesium carbonate, till the acid reaction is destroyed, filtering, evaporat- 
ing, and mixing the hot solution with hot alcohol, magnesium malate, 
C, H; Os Mg, separates as a glutinous mass on the sides of the vessel. It is 
hard when cold. Malic acid cannot be distinguished from citric acid by 
this reaction (BARFOED). 

8. Upon heating malic acid with concentrated sulphuric acid, carbon 
dioxide and carbon monoxide are evolved at first; the fluid then turns 
brown and ultimately black, with evolution of sulphur dioxide. 


§ 186. 


Recapitulation and remarks.—Of the organic acids of this 
group ovalic acid is characterized by the instant precipitation 
of its calcium salt from its solution in hydrochloric acid by 
ammonia, and also by sodium acetate, as well as by the imme- — 
diate precipitation of the free acid by solution of calcium sulphate. 
Tartaric acid is characterized by the sparing solubility of the 
hydrogen potassium salt, the solubility of the calcium salt in 
cold solution of soda and potassa, the reaction of the calcium — 
salt with ammonia and silver nitrate, and the peculiar odor which — 
the acid and its salts emit upon heating. It is most safely de- 
tected in presence of the other acids by means of potassium ace- 
tate or potassium fluoride (§ 163, 4). C.D. Braun’s test for dis- 
tinguishing tartaric acid from the other organic acids by means” 
of hexamincobaltic chloride will be found in Zeitsch. f. anal. 
Chem. 7, 849. Citric acid is usually recognized by its reaction 
with lime-water, or with calcium chloride and ammonia in pre-- 
seuce of ammoniun chloride ; but in this we always presuppose 
the absence or the removal of malic and tartaric acids, ae also 
the employment of a sufficient quantity of lime-water or 
calciam chloride. A very safe characteristic of citric acid also 
consists in the microscopic appearance of its barium salt (§ 164, 
5). Male acid would be sufliciently characterized by 
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deportment of lead malate when heated under water, were this 
reaction more sensitive, and not so easily prevented by the 
presence of other acids. The safest means of identifying malic 
acid is to convert it into maleic acid and fumaric acid by heating 
in a glass tube; but this conversion can be effected successfully 
only with pure malic acid. Lead malate is sparingly soluble in 
ammonia, whilst the citrate and tartrate of lead dissolve freely 
in that agent; this different deportment of the lead salts of the 
acids affords a means of distinguishing between them. 

If only one of the four acids is present in a solution, lime- 
water will suffice to indicate which of the four is present ; since 
malic acid is not precipitated by this reagent, citric acid is 
precipitated only upon boiling, tartaric acid and oxalic acid 
being thrown down in the cold; and the calcium tartrate redis- 
solves upon addition of ammonium chloride, whilst the oxalate 
does not. 

If the four acids together are present in a solution, the oxalic 
acid and tartaric acid are usually precipitated first by calcium 
chloride and ammonia, in presence of ammonium chloride. But 
it must be noted here that the calcium tartrate requires some 
time for complete precipitation (it is separated from the oxalate 
by solution of soda), and also that aikali citrate when present in 
any quantity prevents the thorough separation of oxalic acid 
and still more of tartaric acid. On adding alcohol in moderate 
quantity cautiously to the filtrate, the calcium citrate separates 
(and with it the rest of the calcium oxalate and tartrate). On 
filtering again and mixing the filtrate with more alcohol, calcium 


- malate is thrown down. From this the acid is prepared by 


dissolving it in acetic acid, adding alcohol, filtering if necessary, 
mixing the filtrate with lead acetate, neutralizing with ammonia, 
washing the precipitate, suspending it in water, treating with 
sulphuretted hydrogen, filtering and evaporating the filtrate to 
dryness. A better method for the detection of malic acid in the 
presence of the three other acids consists in combining the acids 


_ with ammonia, concentrating strongly, neutralizing the still warm 
fluid with ammonia (to dissolve the acid salts produced in the 


eyaporation) and adding 8 volumes of alcohol of 98 per cent. 
After 12 or 24 hours the solution of ammonium malate is filtered 


from the undissolved oxalate, tartrate, and citrate of ammonium, 
_ the malice acid is precipitated with lead acetate and the pure acid 


é 


is prepared from the precipitate (Barrorp), Where asma!! 
quantity of citric acid or malic acid is to be detected in presence 


_ of a large proportion of tartaric acid, the best way is to remove 
the latter first by potassium acetate, with addition of an equal 
_ volume of strong alcohol. The other acids may then be com- 
pletely precipitated in the filtrate by excess of calcium chloride 
and ammonia if the quantity of the alcohol is a little in- 
ie ‘eased. 


eS 
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§ 167. 
Racemic Actp, Cy He Oc. 


The formula of CRYSTALLIZED RACEMIC ACID is C, He O06. H2 O. The crys. 
tallization water escapes slowly in the air, but rapidly at 100° (difference . 
between racemic acid and tartaric acid). To solvents the racemic acid 
comports itself like the tartaric acid. The rackMatTEs also show very 
similar deportment to that of the tartrates. However, many of them differ 
in the amount of water they contain, and in form and solubility from the 
corresponding tartrates. The aqueous solution of racemic acid and the 
racemates exercises no diverting action upon polarized light. Caleiwm chloride 
precipitates from the solutions of free racemic acid and of racemates CALCIUM 
RACEMATE, O, Hy Oc Ca. 4 He O, as a white crystalline powder. Ammonia — 
throws down the precipitate from its solution in hydrochloric acid, either 
immediately or at least very speedily (difference between racemic acid and 
tartaric acid). It dissolves in solution of soda and potassa, but is reprecipi- 
tated from this solution by boiling (difference between racemic acid and 
oxalic acid). Lime-water added in excess produces immediately a white 
precipitate insoluble in ammonium chloride (difference between racemic 
and tartaric acid). Solution of calcium sulphate does not immediately pro- 
duce a precipitate in a solution of racemic acid (difference between racemic 
and oxalic acid); however, after ten or fifteen minutes, calcium racemate 
separates (difference between racemic acid and tartaric acid); in solutions 
of normal racemates the precipitate forms immediately. With potassium 
salts racemic acid comports itself like tartaric acid. By letting sodium and 
potassium racemate or sodium and ammonium racemate crystallize, two kinds 
of crystals are obtained, which resemble each other as the image reflected — 
by a mirror resembles the object reflected. The one kind of crystals contain 
common or dextro tartaric acid (which turns the plane of polarized light 
towards the right); the other kind contains laevo tartaric acid, 7. ¢, an acid 
which is the same in every respect as tartaric acid, with this exception only, - 
that it turns the polarized light towards the left. If thetwo kinds of 
crystals are redissolved together, the solution shows again the reactions of 
racemic acid. 


Second Group. 


Tae Acrps oF THE SECOND GROUP SUBLIME WITHOUT ALTERATION, By 
HEATING WITH Nirric ACID THEY ARE EITHER LEFT UNCHANGED (Suc- 
crxic ACID), OR MERELY CONVERTED INTO Nrrro-actp (BENzorc AcrD). 
THe CALCIUM SALTS ARE READILY SOLUBLE IN WATER (BENzorc AcrD), 
OR DIFFICULTLY SOLUBLE (Succtnic Acrp). THE SoLUTIONS oF THE 
NORMAL ALKALI-SALTS ARE PRECIPITATED BY FERRIC CHLORIDE: Succini¢e 
Acid, Benzoie Acid. 


§ 168. 
a. Succtrntc Actp, C2. Hs (COO H)z = O, He On 


1. Succtytc acip forms colorless and inodorous prisms or tables (rhombic 
prisms or rhomboid tables). It has a slightly acid taste, is readily soluble 
In water and alcohol, slightly soluble in ether, difficultly soluble in nitric 
acid, and volatilizes when exposed to the action of heat, leaving only a lit- 
tle charcoal behind. The officinal acid has an empyreumatic odor, and leaves 
& somewhat larger carbonaceous residue upon volatilization. Succinic acid 


+ 
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is not destroyed by heating with nitric acid, and may therefore be easily 
obtained in the pure state by boiling with that acid for half an hour, by 
which means the oil of amber, if present, will be destroyed. By sublima- 
tion crystalline needles of silky lustre are obtained. The acid loses water 
in this process, so that by repeated sublimation succinic anhydride is 
ultimately obtained. Heated in the air succinic acid burns with a blue 
flame, free from soot. 

2. The sUccINATES are decomposed at a red heat; those which have an 
alkali metal or alkali-earth metal for base are converted into carbonates 
with separation of charcoal. Most of the succinates are soluble in water. 
Sodium succinate is scarcely soluble in strong alcohol and crystallizes well 
both as normal and acid salt; hence it may be readily obtained in a pure 
state from very impure fluids. This property may be utilized for the de- 
tection and separation of the acid.* On heating thesuccinates with potassium 
disulphate in a tube the acid sublimes. The acid may be also obtained 
from the salts by decomposing them with sulphuric acid, and extracting 
with warm absolute alcohol, 

8. On mixing a cold neutral moderately dilute solution of an alkali suc- 
cinate with calcium chloride, no precipitate is formed; on then adding 
alcohol a gelatinous precipitate of caLctuM succINATE falls, readily soluble 
in ammonium chloride. From this solution more alcohol reprecipitates the 
gelatinous salt; in case of great dilution no precipitate is produced at first, 
but in a short time the calcium succinate separates in the crystalline form 
C, H, O, Ca. 3 He O. 

4, Ferrie chloride produces in neutral solutions of thesuccinates of the alkali 
metals a brownish pale red bulky precipitate of FERRIC SUCCINATE; some suc- 
cinic acid is liberated in this reaction, and retains part of the precipitate in so- 
lution if the fluid is filtered off hot. The precipitate dissolves readily in min- 
eral acids; ammonia decomposes it, causing the separation of a less bulky 
precipitate of a highly basic ferric succinate, and combining with the 
greater portion of the acid to ammonium succinate which dissolves. 

5. Lead acetate when added drop by drop to a solution of free succinic 
acid, or of an alkali. succinate, produces a white amorphous precipitate 
which is immediately redissolved in excess of succinic acid, in alkali 
succinate, and in lead acetate, but in a short time separates from such 
solutions in the crystalline form. The precipitate consists of normal LEAD 
SUCCINATE, C, Hy O, Pb: it is barely soluble in water, acetic acid, succinic 
acid, and lead acetate, readily soluble in nitric acid; by ammonia it is 
converted into a basic salt Cy H; Os Pb. 

6. A mixture of alcohol, ammonia, and barium chloride produces in solu- 
tions of free succinic acid and of succinates a white precipitate of BARIUM 
BUCCINATE, O, Hy O, Ba. 


§ 169. 


0b. Benzorc Acro, Cs Hi] CO OH =O, He On. 


1. Pure s=nzorc acrp forms inodorous white scales or needles, or simply 
a crystalline powder. It fuses when heated, and afterwards volatilizes 
completely. The fumes cause a peculiar irritating sensation in the throat, 
and provoke coughing: when cautiously cooled, they condense to bril- 
liant needles; when kin led, they burn with a luminous sooty flame. The 
common officinal benzoic acid has the odor of benzoin, and leaves a small 
carbonaceous residue upon volatilization. Benzoic acid is very sparingly 


soluble in cold water, but it dissolves pretty freely in hot water and in ai- 


* Compare MEISSNER and Jouiy, Zeitschr. f. anal. Chem., 4, 502. _ 


256 ORGANIC AcIDs. GRouP mt. [$$ 170, 171 


cohol. Addition of water imparts therefore a milky turbidity to a satu- 
rated solution of the acid in alcohol. 

2. Most of the BENZOATES are soluble in water; only those with weak 
bases, ¢.g., ferric benzoate, are insoluble. The soluble benzoates have a pe 
culiar pungent taste. The addition of a strong acid to concentrated aque. 
ous solutions of benzoates displaces the benzoic acid, which separates in 
the form of a dazzling white sparingly soluble powder. Benzoic acid is 
expelled in the same way from the insoluble benzoates by such strong acids 
as form soluble salts with the bases with which the benzoic acid is com- 
bined. ’ 

3. Ferric chloride precipitates solutions of free benzoic acid incompletely : 
neutral solutions of benzoates of the ulkali metals completely. The pre- 
cipitate of basic FERRIC BENZOATE is bulky, flesh-colored. insoluble in 
water. It is decomposed by ammonia in the same manner as ferric succi- 
nate, from which salt it differs in this, that it dissolves in a little hydro- 
chloric acid, with separation of the greater portion of the benzoic acid. 

4, Lead acetate fails to precipitate free benzoic acid, but it produces 
flocculent precipitates in solutions of alkali benzoates. The precipitate is 
insoluble in sodium benzoate, but dissolves in lead acetate, 

5. A mixture of alcohol, ammonia and barium chloride, or calcium chlo- 
ride produces no precipitate iu solutions of benzoic acid or of the alkali 
benzoates. 


§ 170. 


Recapitulation and remarks.—Succinic and benzoic acids are distin- 
guished from one another by the color of their ferric salts, and also by 
their different deportment with barium chloride or calcium chloride and 
alcohol; but principally by their different degrees of solubility, succinic 
acid being readily soluble in water, whilst benzoic acid is very difficult of 
solution. Succinic acid is seldom perfectly pure, and may therefore often 
be detected by the odor of oil of amber which it emits. 

The detection of the two acids, when present in the same solution with 
other acids, may be effected as follows: precipitate with ferric chloride, 
warm the washed precipitate with ammonia, filter, concentrate the solu- 
tion, divide it into two parts, and mix one part with hydrochloric acid, 
the other with barium chloride and alcohol. 

Succinic acid and benzoic acid do not prevent the precipitation of ferric — 
hydroxide, aluminium hydroxide, etc., by alkalies. 


Third Group. 


Tar Acms or THE Tutrp Group MAY BE DISTILLED WITH — 
Water (Lactic Ac wirn pirricutty). Tur Carcium saris 
ARE READILY SOLUBLE IN Water. THE SoLvurions oF THE NOR-_ 
MAL ALKALI-SALTS ARE NOT PRECIPITATED IN THE COLD BY F'Errto 
cHLORIDE: Acetic acid, Formic acid (Lactic Acid, Propionic — 
Acid, Butyric Acid). ; 


§ 171. 
a. Acetic Acm,C H, CO OH=C,H,0,. 


1. Acetic acm forms transparent crystalline scales, which 
fuse at 17° to a  lorless fluid of a peculiar pungent and pene: — 
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trating odor, and exceedingly acid taste. When exposed to the 
action of heat it volatilizes completely, forming pungent va- 
pors, which burn with a blue flame. It is miscible with water 
in all proportions; it is to such mixtures of the acid with water 
that the name of acetic acid is commonly applied. Acetic acid 
is also soluble in alcohol. 

2. The acrrares undergo decomposition at a red heat; 
among the products of this decomposition we generally find 
acetic acid, and almost invariably acetone, C O(C H,),. The 
acetates of the alkali metals and alkali-earth metals are con- 
verted into carbonates in this process; of the other metallic 
acetates many leave the metal behind in the pure state, others 

in the form of oxide. Most of the residues which the acetates 

leave upon ignition are carbonaceous. Nearly all acetates dis- 
solve in water and in alcohol; most of them are readily soluble 
in water, a few only are difficult of solution in that menstruum. 
If acetates are distilled with dilute sulphuric acid, the free 
acetic acid is obtained in the distillate. 
3. If ferric chloride is added to acetic acid, and the acid is 
' then nearly saturated with ammonia, or if a neutral acetate is 
mixed with ferric chloride, the fluid acquires a deep red color, 
owing to the formation of rrrric aceratEe. By boiling the fluid 
becomes colorless if it contains an excess of acetate, the whole 
of the iron precipitating as a basic acetate, in the form of 
brown-yellow flakes. Ammonia precipitates from it the whole 
of the iron as hydroxide. By addition of hydrochloric acid a 
fluid which appears red from the presence of ferric acetate 
turns yellow (difference from ferric sulphocyanate). 

4. Neutral acetates (but not free acetic acid of a certain de- 
gree of dilution) give with s¢lver nitrate white crystalline pre- 
cipitates of smvER aceratr, OC, H, O, Ag, which are very spar- 
ingly soluble in cold water. They dissolve more easily in hot 
water, but separate again upon cooling, in the form of very 
fine crystals. Ammonia dissolves them readily; free acetic 
acid does not increase their solubility in water. 
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5. Mercurous nitrate prodices in acetic acid, and more readily still in 
acetates, white scaly crystalline precipitates of MERCUROUS ACETATE 
(C2 Hs O2)2 Hee, which are sparingly soluble in water and acetic acid in the 
cold, but dissolve without difficulty in an excess of the precipitant. The 
precipitates dissolve in water upon heating, but separate again upon cool- 
ing, in the form of small crystals; in this process the salt undergoes par- 
_ tial decomposition; a portion of the mercury separates in the metallic 
_ state, and imparts a gray color to the precipitate. If the mercurous ace- 
m 
- 
2 


tate is boiled with dilute acetic acid, instead of water, the quantity of the 
_ metallic mercury which separates is exceedingly minute. 

6. Mercuric chloride produces no precipitate of mercurous chloride with 

acetic acid or acetates upon heating. 


_ 4. By heating acetates with concentrated sulphuric acid 
_ ACETIC AciD is evolved, which may be known by its pungent 
odor. But if the acetates are heated with a mixture of about 
Z 17 
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equal volumes of concentrated sulphuric acid and alcohol, 
ETHYL aceTats, O, H, C,H, O,, is formed. The odor of this 
ether is highly characteristic and agreeable; it is most distinct 
upon shaking the mixture when somewhat cooled, and is much 
less liable to lead to mistakes than the pungent odor of the acid. 

8. If dilute acetic acid is heated with an excess of lead owide, part of 
the latter dissolves as triplumbic diacetate. The fluid has an alkaline re- 
action; it gives no crystals on cooling. 


§ 172. 


b. Formic Action, HCOOH=CH,0.. 


1. Formic acrp is a transparent and colorless slightly fuming liquid of 
a characteristic and exceedingly penetrating odor. When cooled to below 
0°, it crystallizes in colorless plates. It is miscible in all proportions with 
water and alcohol. When exposed to the action of heat, it volatilizes 
completely; the vapors burn with a blue flame. 

2. The rorMatEs, like the corresponding acetates, leave upon ignition 
either carbonates, oxides, or metals behind, the process being attended 
with separation of charcoal, and escape of carbon dioxide and water. All 
the compounds of formic acid with bases are soluble in water; alcohol 
also dissolves many of them, but not all. 

3. Formic acid shows the same reaction with ferric chloridé as acetic 
acid. 


4, Silver nitrate fails to precipitate free formic acid, and decomposes 


the alkali formates only in concentrated solutions. The white, sparingly 
soluble, crystalline precipitate of sILVER FORMATE, CH O2 Ag, acquires 
very rapidly a darker tint, owing to the separation of metallic silver. 
Complete reduction of the silver to the metallic state takes place, even in 
the cold, after the lapse of some time; but immediately upon applying 
heat to the fluid containing the precipitate. The same separation of me- 
tallic silver takes place in a solution of free formic acid, and also in 
solutions of formates so dilute that the addition of the silver nitrate fails 
to produce a precipitate. But it does not take place in presence of an ex- 
cess of ammonia. 

5. Mercurous nitrate gives no precipitate with free formic acid; but 
in solutions of alkali formates this reagent produces a glistening white 
sparingly soluble precipitate of MERCUROUS FORMATE (CH Os) Hgs, 
which rapidly becomes gray, owing to the separation of metallic mercury. 
Complete reduction ensues, even in the cold, after the lapse of some time, 
but is immediate upon application of heat. This reduction is also at-— 


tended with the formation of carbon dioxide and water, and takes place — 


both in solutions of free formic acid and in fluids so highly dilute that the 
mercurous formate is retained in solution. ; 

6. If formic acid or an alkali formate is heated with mercuric chloride 
to between 60° and 70°, MERCUROUS CHLORIDE precipitates. Presence of 
free hydrochloric acid or of somewhat considerable quantities of alkali 
chlorides prevents the reaction. 

7. If formic acid or a formate is heated with concentrated sulphuric acid 
the formic acid is resolved into water and CARBON MONOXIDE gas, which 
latter escapes with effervescence and, if kindled, burns with a blue flame. — 
The fluid does not turn black in this process, CH: O: = C O0+H:2 0. Upon © 
heating formates with dilute sulphuric acid in a distilling apparatus free — 
formic acid is obtained in the distillate, and may mostly be readily detected 
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by its odor. Upon heating a formate with a mixture of strong sulphuric 
acid and alcohol ETHYL FORMATE is evolved, which is characterized by 
its peculiar rum-like smell. 

8. If dilute formic acid is heated with excess of lead owide, the latter 
partially dissolves. The fluid has an alkaline reaction. On cooling the 
solution, which, if necessary, is concentrated by evaporation, LEAD FOR- 
MATE (C4 O2)2 Pb, separates in brilliant prisms or needles. 


§ 173. 


Recapitulation and Remarks.—Acetic acid and formic acid 
may be distilled over with water, and form with quadrivalent 
iron soluble neutral salts which dissolve in water, with a 
blood-red color, and are decomposed upon boiling. These re- 
actions distinguish the two acids of the third group from the 
other organic acids. From each other the two acids are dis- 
tinguished by their odor and the odor of their ethyl compounds, 
and by their different reactions with silver salts and salts of 
mercury, with lead oxide and concentrated sulphuric acid. The 
separation of acetic acid from formic acid is effected by heat- 
ing the mixture of the two acids with an excess of mercuric 
oxide or argentic oxide. Formic acid reduces the oxide, and 
suffers decomposition, whilst the acetic acid dissolves the oxide 
and remains in solution as an acetate. 


§.174. 
Rarer Acids of the Third Group. 
1. Lactic Acrp, Cs He O;.* 


Lactic acid is developed in animal fluids, vegetable matters that have 
turned sour, &c. Lactic acid isa colorless syrupy liquid ; it has a pure acid, 
sharp taste. When it is slowly heated in a retort to 130°, water containing ai 
little lactic acid distils over, leaving a residue of lactic anhydride, Cs Hio Os 
which between 250° and 300° is decomposed into carbon monoxide, 
lactide C; H, Oz and other products. Lactic acid dissolves freely in water, 
alcohol, and ether. Upon boiling the aqueous solution a little lactic acid. 
yolatilizes with the aqueous vapor. All the lactates are soluble in water 
and alcohol, the greater part of them, however, only sparingly: they are all 
insoluble in ether. The production of some of these salts and the examina- 
tion of their form under the microscope supply the means for the detection 
of lactic acid; calcium lactate and zinc lactate are the best suited for this 
purpose. Calcium lactate may be conveniently prepared from animal or 
vegetable juices by the following method devised by ScurERER:—Dilute 
the liquid, if necessary, with water, mix with baryta-water, and filter. 
Distil the filtrate with some sulphuric acid (to remove volatile acids), digest 


* Four isomeric lactic acids are now believed to exist. That produced in 
fermentation or Hthylidene lactic acid, and the two existing together in the 
juice of flesh, viz., Hithylene lactic acid and Paralactic acid, agree quite closely 

general properties. 
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the residue several days with strong alcohol, distil the acid solution witha 
little milk of lime, filter warm from the excess of lime and calcium sulphate, 
conduct carbon. dioxide into the filtrate, heat once more to boiling, filter 
from the precipitated calcium carbonate, evaporate the filtrate, warm the 
residue with strong alcohol, filter, and let the neutral filtrate stand several 
days to give the calcium lactate time to crystallize. Should the quantity 
of lactic acid present be insufficient to allow the formation of crystals, 
evaporate the fluid to syrupy consistence, mix with strong alcohol, let the 
mixture stand some time, decant or filter the alcoholic solution into a vessel 
that can be closed, and add gradually a small quantity of ether. This pro- 
cess will cause even minute traces of calcium lactate to separate from the 
fluid. Calcium lactate shows under the microscope the form of minute 
crystalline needles aggregated in tufts with short stalks, pairs cf them always 
being joined at the stalked ends, so as to look like paint-brushes united 
together.—Zinc lactate deposited quickly from its solution shows under the 
microscope the form of spherical groups of needles. The slow evaporation 
of solution of zinc lactate gives first crystals resembling clubs truncated at 
both ends; these crystals gradually increase in size ; the two ends apparently 
diminish, whilst the middle parts increase in size (FUNKE). 


2. Propionic Acip, C2 Hs CO O H=C; He Oo, and 8. Buryric Aci, 
Cs Hy C O O =O; He O.:* 


Propionic Acrp is formed under a great variety of circumstances; it is 
chiefly found in fermented liquids. The pure acid crystallizes at low tem- 
perature; it boils at 140.5°; it dissolves readily in water. Propionic acid 
floats as an oily stratum on concentrated aqueous solution of phosphoric 
acid and on solution of calcium chloride. It hasa peculiar smell, which 
reminds both of butyric and acetic acid. Upon distilling the aqueous 
solution, the propionic acid passes over into the distillate. Norman 
Burynic or Ermaceric Aci (C Hs. C Hs. C He. COOH) is frequently found 
in animal and vegetable matter, more particularly also in fermented liquids 
of various kinds. The pure acid is a colorless, mobile, corrosive, intensely 
sour fluid, of a disagreeable odor, a combination of the smell of rancid 
‘butter and acetic acid; it boils at 163°. It is miscible in all proportions 
with water and alcohol. It is separated from the concentrated aqueous 
solution by calcium chloride, concentrated acids, &c., in the form of a thin 
oil. The smell of butyric acid is particularly strong in the aqueous solution 
of the acid. Upon distilling the aqueous solution, the acid passes over with 
the aqueous vapors. Calcium butyrate is less soluble in hot than in cold 
water. 

Propionic acid and butyric acid are often found associated with formic 
acid and acetic acid in fermented liquids, in guano, and in many mineral 
waters. The detection of the several acids may in such cases be effected 
as follows: dilute the substance sufficiently with water, acidify with sul- — 
phuric acid, and distil; saturate the distillate with baryta-water, evaporate 
to dryness, and treat the residue repeatedly with boiling alcohol of 85 per 
cent. This will leave the barium formate and part of the barium acetate, 
the remainder of the acetate, together with the propionate and butyrate, 
dissolving in the alcohol. Evaporate the alcoholic solution, dissolve the 
residue in water, decompose cautiously with silver sulphate, boil, filter, and — 
let the fluid (which ought rather to contain a little undecomposed barium 
salt than any silver sulphate) evaporate under the desiccator. Take out — 


* Normal butyric acid and isobutyric or dimethacetic acid (C H) (C H;).(COO Hy — 
have the same compositions and nearly the same properties. The reactions — 
above given are those of the normal and most commonly occurring acid. Iso- — 
butyric acid, existing in the carob bean, boils at 154° ; its calcium salt is more 
soluble in hot than cold water. : a 


§ 174.] PROPIONIC AND BUTYRIC ACIDS. 261 


separately the crystals which form first, those which form after, and those 
which form last, and examine them to ascertain their nature. Silver acetate 
emits upon solution in concentrated sulphuric acid the odor of acetic acid, 
and gives no oily drops; silver propionate and butyrate emit the peculiar 
odor of the acids, and give oily drops, which, however, with minute 
quantities are visible only under the microscope. To distinguish positively 
between propionic and butyric acid, it is indispensable to determine the 
amount of silver in the separated silver salts, and to fix by this the molecular 
weight of the acids. If much barium acetate has passed into the solution, 
with a small quantity only of butyrate and propionate, the barium is first 
exactly precipitated with sulphuric acid from the aqueous solution of the 
barium salts soluble in alcohol, half of the acid fluid neutralized with soda, 
the other half added, the fluid then distilled, the distillate, which now 
contains principally propionic and butyric acids, saturated with baryta, 
then decomposed with silver sulphate, and the remaining part of the process 
conducted as above. 


PART th 


SYSTEMATIC COURSE 


OF 


QUALITATIVE CHEMICAL ANALYSIS. 


~~ 


PRELIMINARY REMARKS. 


Tux knowledge of reagents and of the deportment of bodies 
with them enables us to ascertain at once whether a compound, 
of which the physical properties permit an inference as tc 
its nature, is in reality what we suspect it to be. Thus, for in- 
stance, a few simple reactions suffice to show that a body 
which appears to be calcite is really calcium carbonate, and 
that another which we hold to be gypsum is actually calcium 
sulphate. This knowledge usually suftices also to ascertain 
whether a certain body is present or not ina mixture; for in- 
stance, whether or not a white powder contains mercurous 
chloride. But if our design is to ascertain the chemical nature 
of a substance entirely unknown to us—if we wish to discover 
all the constituents of a mixture or chemical compound—if we 
intend to prove that, besides certain bodies which we have de- 
tected, no other substance can possibly be present—if conse- 
quently a complete qualitative analysis is our object, the mere 
knowledge of the reagents, and of the reactions of bodies with 
them, will not suftice for the attainment of this end; this re- 
quires the additional knowledge of a systematic course of an- 
alysis, in other words, the knowledge of the order in which 
solvents, and general and special reagents, should be applied, 
both to effect the speedy and certain detection of every ele- 
ment present, and to prove with certainty the absence of all 
others. If we do not possess the knowledge of this systematic 
course, or if, in the hope of attaining our object more rap- 
idly, we adhere to no method, analyzing becomes (at least in 
the hands of a novice) mere guess-work, and the results ob- 
tained are no longer the fruits of scientific calculation, but mere 
matters of accident, which sometimes may prove lucky hits, 
and at others total failures. 

Every analytical investigation must therefore be based upon 
a definite method. But it is not by any means necessary that 
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this method should be the same in all cases. Practice, reflec- 
tion, and a due attention to circumstances will, on the contrary, 
generally lead to the adoption of different methods for differ- 
ent cases. However, all analytical methods agree in this, that 
the substances to be looked for are in the first place classed 
into groups, which are then again subdivided, until the indivi- 
dual detection of the various substances present is finally ac- 
coinplished. The diversity of analytical methods depends 
partly on the order in which reagents are applied, and partly 
on their selection. 

Before we can venture upon inventing methods of our own 
for individual cases, we must first make ourselves iagsobs | 
conversant with a course of chemical analysis in general. 
This system must have passed through the ordeal of experience, 
aud must be adapted to every imaginable case, so that after- 
wards, when we have acquired some practice in analysis, we 
may be able to determine which modification of the general 
method will be best adapted to a given case. 

The exposition of such a systematic course, adapted to all 
cases, tested by experience, and combining simplicity with the 
greatest possible security, is the object of the Furst Section. 

The elements and compounds comprised in it are the same 
which we have studied in Part I, with the exception of those 
discussed more briefly, and marked by the use of smaller type. 

The subdivisions of this systematic course are, 1, Prelimi- 
nary Examination ; 2, Solution; 3, Actual Analysis. 

The third subdivision (the Actual Analysis) is adapted for 
the full investigation of any mixture or compound in which all 
the substances treated in the present work may be present. 
With respect to the latter I have to remark that where the pre- 
liminary examination has not clearly demonstrated the absence 
of certain groups of substances, the student cannot safely dis- 
regard any of the paragraphs to which reference is made, in 
consequence of the reactions he has observed. In cases where 
the intention is simply to test a mixture for certain substances, 
and not to ascertain all its constituents, it will be easy to select 
the particular paragraphs which ought to be attended to. 

As the construction of a universally applicable systematic 
course of analysis requires due provision for every contingency 
that may possibly arise, it is self-evident that, though in the 
system here laid down the various bodies comprised in it have 
been assumed to be mixed up together in every conceivable 
way, it was absolutely indispensable to assume that no foreign 
orjanic matters were present, since the presence of such mat- 
ters would introduce various complications. 

Although the general analytical course laid down here is de- 
vised and arranged in a manner to suit all possible contingen- 
cies, still there are special cases in which it may be advisable to 
modify it. A preparatory treatment of the substance is also 
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sometimes necessary, before the actual analysis can be pro- 
ceeded with; the presence of coloring or slimy organic mat- 
ters more especially requires certain preliminary operations. 
The Second Section will be found to contain a detailed descrip- 
tion of the special methods employed to meet certain cases 
which frequently occur. Some of these methods show how 
the analytical process becomes simplified as the number of 
substances decreases to which regard must be had. 

In conclusion, as an intelligent and successful pursuit of 
analysis is possible only with an accurate knowledge of the 
principles whereon the detection and separation of bodies de- 
pend, I have given in the Zhird Section an explanation of the 
general analytical process, with numerous additions to the 
practical operations. As this third section may properly be 
regarded as the key to the first and second sections, I strongly 
recommend students to make themselves early and thoroughly 
acquainted with it. I have devoted a special section to this 
theoretical explanation, as I think it will be understood better 
in a connected form than it would have been by explanatory 
additions to the several paragraphs, which, moreover, might 
have materially intanfoeot with the perspicuity of the practi- 
cal process. 

I have also in this third section taken occasion to point out 
in what residues, solutions, precipitates, &c., which are obtained 
in the systematic course of analysis, the varer elements, acids, 
or radicals may be expected to be met with; and also to give 
instructions how to proceed with a view to insure the detec- 
tion of these bodies also systematically. 

Finally, the student should, at the outset of his analytical 
work, form the habit of keeping a full and systematic record 
of his results, and of every item of experience which it may be 
useful to refer to. See Appendix Ith 


SECTION I. 


PRACTICAL PROCESS FOR THE ANALYSIS OF COM. — 
~ POUNDS AND MIXTURES IN GENERAL. 7 


I. Precimmyary Examination. 
[S8" Do not fail to consult the observations in the Third 
Section of Part II., page 365. 
§ 175. 
Examine, in the first place, the external properties, such 1* — 
as the color, shape, hardness, gravity, odor, ete., of the sub- 
* These marginal numbers are simply intended to facilitate reference. 
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stance, since these will often enable you in some measure 
to infer its nature. Before proceeding, if the quantity of 
the substance is limited, you must consider how much may 
safely be spared for the preliminary examination. A rea- 
sonable economy is in all cases advisable, even though you 
may possess the substance in large quantities; but, under 
all circumstances, let it be a fixed rule never to use up the 
whole of what you possess of a substance, but always to keep 
a portion of it for unforeseen contingencies, and for contfir- 
matory experiments. 

For a general view of the subdivisions of the CoursE oF 
Awnanysis, see the Table of Contents of Part IL., at the be- 
ginning of the book. 


A. Tus Bopy unpER Examination Is Soup. 


I. Iv is neirner A Merat nor AN ALLOY. 


8 176. 


1. The substance is fit for examination if in powder or in 2 
minute crystals ; but in the case of larger crystals or solid 
pieces, a portion must, if practicable, be first reduced to 
jine powder. Bodies of the softer kind may be triturated 
in a porcelain mortar; those of a harder nature must first 
be broken into small pieces in a steel mortar, or upon a 
steel anvil, and the pieces then be triturated in an agate 
mortar. 

2. Pur soME OF THE POWDER INTO A GLASS TUBE, SEALED § 
AT ONE END, ABOUT 2 INCHES LONG AND 3,118 OF AN INCH WIDE, 
anp wear first gently over the spirit or gas-lamp, then in- 
tensely in the blowpipe flame. The reactions resulting 
may lead to many positive or probable conclusions regard- 
ing the nature of the substance. The following are the 
most important of these reactions, to which particular atten- 
tion ak to be paid ; it often occurs that several of them 
are observed in the case of one and the same substance : 

g. THE SUBSTANCE REMAINS UNALTERED: absence of 4 
organic matters, salts containing water of crystalliza- 
tion, readily fusible matters, and volatile bodies (ex- 
cept carbon dioxide, which often escapes without visi- 
ble change). 

6. THE SUBSTANCE DOES NOT FUSE AT A MODERATE HEAT, 9 
BUT SIMPLY CHANGES coLoR, From white to yellow, 
turning white again on cooling, indicates zINC OXIDE ; 
from white to yellowish brown, turning to a dirty light 
yellow on cooling, indicates srannio ox1DE ; from white 
or yellowish-red to brownish-red, turning to yellow on 
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eooling, the body fusing at a red heat, indicates Leap 
oxiDE; from white, or pale-yellow, to orange-yellow, 
up to reddish-brown, turning pale-yellow on cooling, 
the body fusing at an intense red heat, indicates sis- 
MUTH TRIOXIDE; from brownish-red to black, turning 
brownish-red again on cooling, indicates FERRIC OXIDE; 
from yellow to dark-orange, the body fusing at an in- 
tense heat, indicates porassIuM CHROMATE, &c¢. 

¢. THE SUBSTANCE FUSES WITHOUT EXPULSION OF AQUE- 
ous vapors. If, by intense heating, gas (oxygen) is 
evolved, and a small fragment of charcoal thrown in 
is energetically consumed, NITRATES Or CHLORATES are 
indicated. 

d@. AQUEOUS VAPORS ARE EXPELLED, WHICH OONDENSE 
IN THE COLDER PART OF THE TUBE: this indicates either 
(a) SUBSTANCES CONTAINING CRYSTAL WATER, in which 
case they will generally readily fuse, and resolidify 
after expulsion of the water ; many of these swell con- 
siderably whilst yielding up their water, ¢.g., borax, 
alum ; or (8) decomposable nyproxipEs, in which case 
the bodies often will not fuse; or (y) anhydrous salts, 
holding WATER MECHANICALLY ENCLOSED between their 
lamella, in which case the bodies will decrepitate ; or 
(6) bodies with morsrure externally adhering to them. 

Test the reaction of the condensed fluid in the tube; 
if it is alkaline, ammonia is indicated; if acid, a vola- 
tile acid (sulphuric, sulphurous, hydrofluoric, hydro- 
chloric, hydrobromic, hydriodie, nitric, &c). 

é. GASES OR FUMES ESCAPE. Observe whether they 
have a color, a smell, an acid or alkaline reaction, 
whether they are inflammable, &e. 

aa. OxycEN indicates metallic dioxides, chlorates, 
nitrates, etc. A glimmering slip of wood is re- 
lighted in the gaseous current. 

6b. Sutpuur proxipe is often produced by decom- 
position of sulphates; it may be known by its odor 
and by its acid reaction with moist blue litmus-paper. 

cc. NrrroGEN TETROXIDE, resulting from the de- 
composition of nitrates, especially those of the heavy 
metals; it may be known by the brownish-red color 
and the odor of the fumes. 

dd. CARBON DIOXIDE indicates carbonates decom- 
posable by heat, or oxalates of reducible metals, or if 
accompanied by carbonization (see 10) organic bodies. 
The gas is colorless and tasteless, non-inflammable; a 
drop of lime-water on a watch-glass becomes turbid 
on exposure to the gaseous current. 

ee. CARBON MONOXIDE indicates oxalates and also 
formates. The gas burns witha blue flame. In the 
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case of oxalates the carbon monoxide is generally 
mixed with carbon dioxide, and is therefore more 
difficult to kindle: in the case of formates there is 
marked carbonization. Oxalates evolve carbon dioxide 
when brought into contact with manganese dioxide, a 
little water, and some concentrated sulphuri¢ acid, on 
a watch-glass; formates evolve no carbon dioxide 
under similar circumstances. 

ff. CHLORINE, BROMINE, Or IODINE indicate decom- 
posable chlorides, bromides, or iodides. The gases 
are readily recognized by theircolor and odor. Iodine, 
if evolved in any quantity, forms a black sublimate 
(compare 9). 

gg. CYANOGEN indicates cyanides decomposable by 
heat. The gas may be known by its odor, and, when 
tolerably pure, by the crimson flame with which it 
burns. 

hh. Uyprosutpuvric acip indicates sulphides con- 
taining water; the gas may be readily known by its 
odor. 

a. Ammonia, resulting from the decomposition of 
ammonium salts, or also of cyanides or nitrogenous 
organic matters, in which latter cases browning or 
carbonization takes’ place, and either cyanogen or 
offensive empyreumatic oils escape with the ammonia. 
Jj. Asvsiimate rorms. This indicates volatile bodies: 9 

the following are those more frequently met with :— 

aa. Sutreavr. Eliminated from mixtures or from 
many of the metallic sulphides. Sublimes in reddish- 
brown drops, which solidify on cooling, and turn 
yellow or yellowish-brown. 

6d. Iopine. Eliminated from mixtures, many io- 
dides, iodic avid, &c. Violet vapor, black sublimate, 
smell of iodine. 

cc. AMMONIUM SALTs give white sublimates ; heated 
with sodium carbonate and a drop of water on plati- 
num foil they evolve ammonia. 

dd. Mercury and its compounds. Merattic mer- 
cury forms globules ; MeRcuRIc suLPHIpE is black, 

but acquires a red tint when rubbed; mercuric 

CHLORIDE fuses before volatilizing; MERCUROUS CHLO- 
RIDE sublimes without previous fusion, the sublimate, 
which is yellow whilst hot, turns white on cooling. 
The red mercuric topibE gives a yellow sublimate.. 

ee. Arsrnic and its compounds. Mrratiic aRsENIC 
forms the well-known arsenical mirror; ARSENIOUS 
oxiDE forms small shining crystals; the suLPHIDES OF 
ARSENIC give sublimates which are reddish-yellow 
whilst hot, and turn yellow on cooling. 


268 PARTI. GENERAL COURSE OF ANALYSIS. [§ 176 


tf. Anxrmonious oxipe fuses to a yellow liquid 
before subliming. The sublimate consists of brilliant 
needles. ; 
gg. Benzotc acid and sucornic acrp. The officinal 
impure acids may be known by the odor of their 
fumes. 
hh. Oxattc actp. White crystalline sublimate, 
thick irritating fumes in the tube. Heating a small 
sample on platinum-foil with a drop of concentrated 
sulphuric acid gives rise to a copious evolution of gas. 
g. CARBONIZATION TAKES PLACE: organic substances. 10 
This is always attended with evolution of gases (acetates 
evolve acetone) and water, which latter has an alkaline 
or acid reaction. If the residue effervesces with acids, 
whilst the original substance did not show this reaction, 
organic acids may be assumed to be present in combina- 
tion with alkali or alkali-earth metals. Salts containing 
readily reducible metals in combination with organic 
acids, often leave the metal behind, with little or no 
carbon. [Since the observations suggested by this para- 
raph will decide the operator, whether or not to look 
or an organic acid in the subsequent analysis, it may 
be well to caution the beginner not to be too hasty in 
_ concluding that carbonization does or does not oceur. 
In addition to what is stated above, we may mention 
that: 1. Blackening is not necessarily carbonization, for 

_ salts of volatile acids with certain metals, as copper, 

nickel, and cobalt, blacken on ignition from separation 
of the oxide. 2. Carbonization, 7.¢., the separation of 
carbon, is ee attended with the disengagement of 
vapors, which often condense in oily droplets, or as an 
oily filin on the cold part of the tube, and which have a 
“burnt” odor. 8. The carbon remaining after these va- 
pors cease to escape usually takes fire when heated in 
contact with the air, and glows with red-heat until it is 
consumed. 4. Carbonization is, in general, best observed 
von Hn: body is heated rapidly toa high temperature. 
—Ep. ' 

3. PLACE A SMALL PORTION OF THE SUBSTANCE ON A CHAR- 1] — 
COAL suPPORT (in the cavity scooped out for the purpose), 
AND EXPOSE TO THE INNER BLOWPIPE FLAME. 

As most of the reactions described under 2 (3-10) are 
also produced by this process, only those appearances will be 
mentioned which are peculiar to this experiment. Evolution 
of sulphur dioxide, when the flame plays upon the sample, 
generally indicates a sulphide. The following are the reac- 
tions which will permit pretty accurate conclusions : 

a. THE BODY FUSES, AND IS ABSORBED BY THE CHARCOAL 
OR FORMS A BEAD IN THE CAVITY, not attended by in- 
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crustation: indicates more particularly salts of the 
alkali metals. 


GPS See lhe Me ee 


5 6. AN INFUSIBLE WHITE RESIDUE REMAINS on the char- 18 
: coal, either at once or after previous melting in the 
‘ water of crystallization; consists of or indicates more 
2 particularly the oxides of barium, strontium, calciuin, 
x magnesium, aluminium, zinc (appears yellow whilst 
a hot), and silicic oxide. Among these substances the 


OXIDES Of STRONTIUM, CALCIUM, MAGNESIUM, and ZINC are 
distinguished by strong luminosity in the blowpipe flame. 
Moisten the white residue with a drop of cobalt nitrate, 
and expose again to a strong heat. A fine blue tint 
indicates ALUMINIUM; a green, zinc. In the presence of 
stticic oxipE and of many PuHospHAtes of the alkali- 
earth metals a more or less blue coloration is produced 
with partial fusion. ' 

In the case @ or 4 the preliminary examination for alka- 
liand alkali-earth metals may be completed by inspecting 
the colors which the substances impart to flame. Tor 
this purpose a little of the substance is attached to the 
loop of a fine platinum wire, moistened repeatedly 
with sulphuric acid, dried cautiously near the border 
of the flame, and then held in the fusing zone of Bun- 
sEn’s gas flame. The-colorations caused by the alkali 
metals will make their appearance first, followed— 
after volatilization of the alkali metals, by that of barinm, 
and finally—after moistening with hydrochloric acid— 
by those of strontium and calcium. For details see 
§ 92 and § 99. 

c. THE SUBSTANCE: LEAVES A RESIDUE OF ANOTHER 14 
COLOR, OR REDUCTION TO THE METALLIC STATE TAKES 
PLACE, OR AN INCRUSTATION FORMS ON THE CHARCOAL. 
Mix a portion of the powder with sodium carbonate 
and a drop of water, and heat on charcoal in the reduc- 
ing flame; observe the residue in the cavity as well as 
the incrustation on the charcoal. 

a. The sustained application of a strong flame pro- 15 
duces a metallic globule, without incrustation of the 
charcoal, indicates Gop or copper. The latter is at 
once recognized by the green coloration of the flame. 
The compounds of platinum, iron, cobalt, and nickel 
are indeed also reduced, but they yield no metallic 

_ globules. 

B. The charcoal support is coated with an incrus- 16 
tation, either with or without formation of a metal 
lic globule. 

aw. The incrustation is white, at some distance 
from the test specimen, and is very readily dissi- 
pated by heat, emitting a garlic-like cdor: ARSENIC. 
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bb. The incrustation is white, nearer the test spe- 
cimen than in aa, and may be driven from one 
part of the support to another: anrmony. Me- 
tallic globules are generally observed at the same 
time, which continue to evolve white fumes long 
after the blowpipe jet is discontinued, and upon 
cooling become surrounded with crystals of anti- 
monious oxide; the globules are brittle. 

cc. The incrustation is yellow whilst hot, but 
turns white on cooling; it is pretty near the test 
specimen and is with difficulty volatilized: zr. 

dd. The inerustation has a faint yellow tint 
whilst hot, but turns white on cooling; it sur- 
rounds the test specimen closely, and both the in- 
ner and outer flame fail to volatilize it: my. The 
metallic globules formed at the same time, but 
only in a strong reducing flame, are bright, readi- 
ly fusible, and malleable. 

ee. The incrustation has a lemon-yellow color, 
turning on cooling to sulphur-yellow; heated in 
the Alanine flame it volatilizes, tinging the flame 
blue: Leap. Readily fusible, malleable globules 
are formed at the same time with the incrusta- 
tion. 

Jf. The incrustation is of a dark orange-yellow 
color whilst hot, which changes to lemon-yellow on 
cooling; heated in the reducing flame it changes 
its place without coloring the flame: sismurH. 
The metallic globules formed at the same time as 
the incrustation are readily fusible and brittle. 

gg. The incrustation is reddish-brown, in thin 
layers orange-yellow; it volatilizes without color- 
ing the flame: capmium. 

A. The incrustation is dark-red: smver. Where 
lead and antimony are present at the same time, 
the incrustation is crimson. 

To learn, in cases of doubt, whether reduced met- 
al has been separated in this experiment, the char- 
coal cavity is moistened with water, the charcoal 
cut out fora little space around and below the 
cavity, brought into an agate mortar, finely pul- 
verized, and the charcoal powder cautiously washed 
away. Any metal that may be present remains in 
the mortar, gold in yellow, copper in red, silver 
in white, tin in grayish-white, lead in gray plates 
or streaks. Bismuth will remain as a reddish- 

ray, zine a bluish-gray, antimony a gray powder. 

hen copper and tin or copper and zine are sim- 
ultaneously present, yellow alloys of these metals 


§ 176.] PRELIMINARY EXAMINATION. SOLIDS. 271 


may be formed. __[Iron, nickel, and cobalt, when 
reduced on charcoal, remain after washing as 
black or dark-gray powders, which are lifted by 
the magnet. | 
4, FusE A SMALL PORTION WITH A BEAD OF SODIUM META- 17 
PHOSPHATE AND EXPOSE FOR SOME TIME TO THE OUTER FLAME ~ 
OF THE BLOWPIPE. 
a. THE SUBSTANCE DISSOLVES READILY AND COPIOUSLY 
TO A CLEAR BEAD (WHILST HOT). 


a. The hot bard is colored : 18 
Buus, by candlelight inclining to violet-—coBatr ; 
GreEEN, upon cooling blue; in the reducing 

flame, after cooling, red—coPPrr ; 

Green, particularly. fine on cooling, unaltered 

"in the reducing flame—crromiuM ; 

BRownisuH-RED, on cooling, light-yellow or color- 
less; in the reducing flame red whilst hot, 
yellow whilst cooling, then greenish—tron ; 

REDDIsH TO BROWNISH-RED, on cooling yellow to 
reddish-yellow or colorless; in the reducing 
flame unaltered—nIcKEL ; 

YELLOWISH-BROWN, on cooling light-yellow or 
colorless ; in the reducing flame almost color- 
less (especially after addition of a very little 
tin), blackish-gray on cooling—BISMUTH 5 

Ligut-YELLowIsu to opAL, when cold rather dull ; 
in the reducing flame whitish-gray—sILVER ; 

AMETHYST-RED, especially on cooling ; colorless 
in the reducing flame, not quite clear—man- 
GANESE. 


B. The hot bead is colorless : 19 


If REMAINS CLEAR ON COOLING: ANTIMONY, ALU- 
MINIUM, ZINC, CADMIUM, LEAD, CALCIUM, MAGNE- 
gum; the latter five, when added in somewhat 
large proportion to the sodium metaphos- 
phate, give enamel-white beads ; the bead satu- 
rated with lead is yellowish ; 
Ir BECOMES ENAMEL-WHITE ON COOLING, EVEN 
WHERE ONLY A SMALL PORTION OF THE POWDER 
HAS BEEN ADDED TO THE SODIUM METAPHOS: 
PHATE: BARIUM, STRONTIUM. 
&. THE SUBSTANCE DISSOLVES SLOWLY AND ONLY IN 26 
SMALL QUANTITY : 

a. The bead is colorless, and remains so even 
after cooling; the undissolved portion looks semi- 
transparent ; upon addition of a little ferric oxide it 
acquires the characteristic color of an iron bead: sI- 
LICIC OXIDE. 


eo. 
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8. The bead is colorless, and remains so after ad- 
dition of a little ferric oxide: TIN. 
c. THE SUBSTANCE DOES NOT DISSOLVE, BUT FLOATS 2] 
(IN THE METALLIC STATE) IN THE BEAD: GOLD, PLATINUM. 
5. MINERALS ARE EXAMINED FOR FLUORINE AS DIRECTE 
$146, 8. 7 
As the body under examination may consist of a mixture 
of the most dissimilar elements, reactions may be observed in 
an experiment which proceed from a combination of two or 
several cases. Such reactions must of course be interpreted 
accordingly. 
After the termination of the preliminary examination, pro- 
ceed to the solution of the substance, as directed § 180 (82). 


§ 177. 
Il. Tae Suspsrance 1s A Merat or AN ALLOoy. 


1. Hear A SMALL PORTION OF THE SUBSTANCE WITH WATER 2Q 
AGIDULATED WITH AcETIC ActiD. If nyproGEN is evolved this 
indicates a light metal (possibly also manganese). 

9, Heat A SAMPLE OF THE SUBSTANCE ON CHARCOAL IN THE 23 
REDUCING FLAME OF THE BLOWPIPE, and watch the reactions ; 
for instance, whether the substance fuses, whether an in- 
crustation is formed, or an odor emitted, &e. 

By this operation the following metals may be detected 
with more or less certainty: ARsENtc by the smell of garlic ; 
MERCURY by its volatility ; ANTIMONY, ZINC, LEAD, BISMUTH, 
CADMIUM, TIN, SILVER, by fusing, with incrustation of the 
charcoal (comp. 16); correr by the green coloration of the 
outer flame. Further conclusions may be formed when the 
substance is a single metal nearly pure; thus, for instance, 
Gotp fuses without incrustation ; PLATINUM, IRON, MANGANESE, 
NICKEL, and CoBALT, do not fuse in the blowpipe flame. 

38. Hear A SAMPLE OF THE SUBSTANCE BEFORE THE BLOW- 24 
PIPE IN A GLASS TUBE SEALED AT ONE END. 

a. No SUBLIMATE IS FORMED IN THE OOLDER PART OF 
THE TUBE: absence of mercury. 

6. A SUBLIMATE IS FORMED: presence of MERCURY, 
CADMIUM or ARSENIC. The sublimate of mercury, which 
consists of small globules, cannot be confounded with 
that of cadmium or arsenic. | 

After the termination of the preliminary examination, pro- 
ceed to the solution of the substance as directed § 181 (42). 


§ 178. 


B. Tur SussraANcE UNDER EXAMINATION IS A FLUID. 


1. EvaroraTE A SMALL PORTION OF THE FLUID in a plati- 25 
num capsule, or in a smal] porcelain crucible, to ascertain 


coe” a 
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whether it actually contains any matter in solution; if a 
residue remains, examine this as directed § 176. 

2. Test wirn Lirmus-Paper (blue and red). 

a. THE FLUID REDDENS BLUE Lirmus-PAPER. This re- 26 
action may be caused by a free acid or an acid salt, as 
well as by normal salts of the heavy metals,* soluble in 
water. ‘To distinguish between these two cases, pour a 
small quantity of the fluid into a watch-glass, and dip 
into it asmall glass rod, after moistening the extreme 
pout of the latter with dilute solution of sodium car- 

onate ; if the fluid remains clear, or if the precipitate 
which may form at first redissolves upon stirring the 
liquid, this proves the presence of a free acid or of an 
acid salt; but if the fluid becomes turbid and remains 
so, this generally denotes the presence of a soluble salt 
of a heavy metal. 

6. ReDDENED LITMUS-PAPER TURNS BLUE: this indicates 27 
the presence of an alkali or alkali-earth metal, usually 
in the state of hydroxide, sulphide or carbonate. 

3. SMELL THE FLUID, or, should this fail to give satisfactory 28 
results, pistit, to ascertain whether the simple solvent pres- 
ent is water, alcohol, ether, &c. If you find it is not water, 
evaporate the solution to dryness, and treat the residue as 
directed § 176. 

_4, If the solution is aqueous, and manifests an acid reac- 29 
tion, DILUTE A PORTION OF IT LARGELY WITH WATER. Should 
this impart a milky appearance to it, the presence of antI- 
MONY Or BISMUTH (or possibly also of tin) may be inferred. 
Comp. § 121, 9, and § 181, 4. 

On completing the Preliminary Examination of a Fluid 30: 
the operator may proceed to its Actual Analysis. If the 
solution is aqueous and reacts neutral, only bodies which are 
soluble in water can be present; if, on the contrary, it has 
an acid reaction, which may be due to the presence of a 
Jree acid, it can no longer be considered simply aqueous, 
and the analysis must be conducted with regard to the possi- 
ble presence of substances insoluble in water but soluble in 
acids. Z 
These circumstances being properly considered, the analyst: 
passes over to § 182—solutions having an alkaline reaction 
are also examined according to § 182. : 


I. Sotvrion or Bopres, on CuassiricaTion uF SuBSsTANCES,. 
ACCORDING TO THEIR DrporTMENT witu CERTAIN SoLvENTS.. 


Ie” Consult the remarks in the third section, page 366.. 
§ 179. 
Water and acids (hydrochloric acid, nitric acid, aqua regia) 1 
. . " é., of other than an alkali or alkali-earth metal. 


> 
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are the solvents used to classify simple or compound sub- 
stances, and to isolate the component parts of mixtures. 
We divide the various substances into three classes, according 
to their respective deportinent with these solvents. 

First class. —SuBstaNoxs SOLUBLE IN WATER. 

Second class.—SuBsrANCES INSOLUBLE OR SPARINGLY 
SOLUBLE IN WATER, BUT SOLUBLE IN HYDROCHLORIC ACID, 
NITRIC ACID, OR AQUA REGIA. 

Third class.—SvuBsraNCES INSOLUBLE OR SPARINGLY 
SOLUBLE IN WATER AS WELL AS IN HYDROCHLORIC ACID, 
NITRIC ACID, AND AQUA REGIA. 

The solution of Artoys being more appropriately effected 
in a different manner from that pursued with other bodies, 
I shall give a special method for these substances (see § 181). 

The process of solution is conducted in the following 
manner: 


A. Tue SupsraANceE UNDER EXAMINATION IS NEITHER A 
Mera nor AN ALLOY. 


§ 180. 


1. Put about a gramme of the finely pulverized substance 82 
into a small flask or a test-tube, add from ten to twelve times 
the amount of distilled water, and heat to boiling over a spirit 
‘or gas-lamp. 

a. THE SUBSTANCE DISSOLVES COMPLETELY. In that 88 
case it belongs to the first class: regard must be had to 
what has been stated in the preliminary examination (80) | 
with respect to reaction with test-papers. Treat the | 
solution as directed § 182, 46, 

6. AN INSOLUBLE RESIDUE REMAINS EVEN AFTER PRO- 34 
TRACTED BOILING. Let the residue subside, and filter the 
fluid off, if practicable, in such a manner as to retain the 
residue in the test-tube; evaporate a few drops of the 
clear filtrate on platinum foil; if nothing remains, the 
substance is completely insoluble in water; in which 
case proceed as directed 35, But if a residue remains, 
the substance is at least partly soluble; in which case 
boil again with water, filter, add the filtrate to the first 
solution, and treat the fluid as directed § 182. Wash 
the residue with water, and proceed as directed 35, 

2. Treat a small portion of the residue which has been 3§ 
boiled with water (84) with dilute hydrochloric acid. If it 
does not dissolve, heat to boiling, and if this fails to effect 
complete solution, decant the fluid into another test-tube 
boil the residue with concentrated hydrochloric acid, and, if 
it dissolves, add the solution to the fluid in the other test- 

’ tube. 


or 
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The reactions which may manifest themselves in this 
operation and which ought to be carefully observed, are («) 

ffervescence, which indicates the presence of carbonic acid 
or hydrosulphuric acid ; (8) Evolution of chlorine, which 
indicates the presence of metallic dioxides, chromates, &e. ; 
(vy) Emission of the odor of hydrocyanic acid, which indicates 
the presence of insoluble cyanides. The analysis of the 
latter bodies being effected in a somewhat different manner, 
a special paragraph will be devoted to them (see § 197). 

a. THE RESIDUE IS COMPLETELY DISSOLVED BY THE 36 
HYDROCHLORIC AcrD (except perhaps that sulphur sepa- 
rates, which may be known by its color and light 
specific gravity, and may, after boiling some time 
longer, be removed by filtration; or that gelatinous 
silicic acid separates). Proceed, according as directed 

_§'183, after filtration if necessary. The body belongs 
to the second class. To make quite sure of the actual 
nature of the sulphur or silicic acid filtered off, examine 
these residuary matters as directed § 196. 

b. THERE IS STILL A RESIDUE LEFT. In that case put 37 
aside the test-tube containing the specimen which has 
been boiled with the hydrochloric acid, and try to 
dissolve another sample of the substance insoluble in 
water, or already extracted with water, by boiling with 
nitric acid, and subsequent addition of water. Evolu- 
tion of gaseous oxides of nitrogen, by the action of the 
nitric acid, shows that a process of oxidation is taking 

lace. . 

a. The sample is completely dissolved, or leaves no 38 
other residue but sulphur or gelatinous silicie acid ; 
in this case also the body belongs to the second class. 
Use this solution to test further for metals as directed 

§ 182, 46, and for the rest proceed as in 36, 

B. There is still a residue left. Pass on to 40, 89 

3. If the residue insoluble in water will not entirely dis- 40 
solve in hydrochloric acid nor in nitric acid, try to effect 
complete solution of it by means of nitro-hydrochlorie acid. 
To this end mix the contents of the tube treated with nitric 
acid with the contents of the tube treated with concentrated 
hydrochloric acid ; heat the mixture to boiling, and should 
this fail to effect complete solution, decant the clear fluid off 
from the undissolved residue, boil the latter for some time 
with concentrated nitro-hydrochloric acid, and add the de- 
canted solution in dilute aqua regia as well as thesolution in 
dilute hydrochloric acid, Hiaoniten in 85, Heat the entire 
mixture once more to boiling, and observe whether complete 
solution has now been effected, or whether the action of the 
 eoncentrated nitro-hydrochloric acid has still left a residue. 
_In the latter case filter the solution—if necessary after addi- 
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tion of some water*—wash the residue with boiling water, 

and proceed with the filtrate, end the washings added to it, 

as directed § 183. In the former case proceed with the 

clear solution in the same way.t 
4. If boiling nitro-hydrochloric acid has left an undis- 41 

solved residue, wash it thoroughly with water, and then 

proceed as directed § 196. 


B. Tue Supsranok unpER EXAMINATION Is A MErat or 
An ALLOY. 


§ 181. 


The metals are best classed according to their behavior 42 
with nitric acid, as follows: - 

J. Mrrats WHICH ARE NOT ATTACKED BY NITRIC ACID: gold, 
platinum. 

Il. Mrerats wHIcH ARE OXIDIZED BY NITRIC ACID, BUT 
WHOSE OXIDES DO NOT DISSOLVE IN AN EXCESS OF THE ACID OR 
IN WATER: antimony, tin. . 

III. Merats wHIcH ARE OXIDIZED BY NITRIC ACID AND CON- 
VERTED INTO NITRATES WHICH DISSOLVE IN AN EXCESS OF THE 
ACID OR IN WATER: all the other metals. | 


Pour nitric acid of 1°20 sp. gr. over a small portion of the 
substance, and apply heat. 

1. CoMPLETE SOLUTION TAKES PLACE, EITHER AT ONCE OR 438 © 
UPON ADDITION OF WATER ; this proves the absence of plati- 
num, t gold, antimony, § and tin. Proceed as directed § 182, 
IIT. (58). 

2. A RESIDUE IS LEFT. : 

a. A metallic residue. Filter, and treat the filtrate 44 — 
as directed § 182, III. (58), after having seen, in the first 
place, whether anything has really been dissolved. Wash 


_ * Tf the fluid turns turbid upon addition of water, this indicates the presence — 
of bismuth or antimony; the turbidity will disappear again upon addition of — 
hydrochloric acid. J 

+ Where the acid solution on cooling deposits acicular crystals, the latter — 
generally consist of lead chloride; it is in that case often advisable to decant — 
the fluid off the crystals, and to examine the fluid and crystals separately. 
Where on boiling with aqua regia metastannic chloride has been formed from — 
stannic hydroxide, the washing water, dissolving this, becomes turbid on drop- — 
ping into the strongly acid fluid which has run off first. In that case receive 
the washing water in a separate vessel, and treat the two solutions separately 
with hydrosulphuric acid, as directed in § 183, but filter afterwards through the 
same filter. } 

¢ Alloys of silver and platinum, with the latter metal present in small pro- 
portion only, dissolve in nitric acid. 

§ Very minute traces of antimony, however, are often completely dissolved — 
by nitric acid. 
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the residue thoroughly, dissolve in nitro-hydrochloric 
acid, and test the solution for eotp and PLATINUM, ac- 
cording to § 128. 

b. A white pulverulent residue: indicates antimony 45 
and tin. Filter, ascertain whether anything has been 
dissolved, then treat the filtrate as directed § 182, IIL. 
(53). Wash the residue thoroughly, then test for anri- 
MONIOUS OXIDE, STANNIC OXIDE, aud ARSENIC ACID, accord- 
ing to § 134, 5. (Part, at least, of the arsenic acid is 
always found in this precipitate, combined with 
antimony and tin.) 


ITI. Acrvuat ANALtysiIs. 


A. SupsTANCEsS SOLUBLE IN WATER, AND ALSO SUCH AS ARE 
INSOLUBLE IN WATER, BUT DISSOLVE IN HypRocHLoRIC 
Act, Nirric Aci, or Nirro-HyDROCHLORIC ACD. 


Detection of Metals.* 
§ 182. 


(Treatment with Hydrochloric Acid: Detection of Silver, 
Mercury in mercurous compounds [Lead].) 


[Q8" The operator should carefully study the Notes in Seo- 
tion ITT, before going further, and should review them fre- 
quently until familiar with their contents : sce pp. 868 and 375. 


I. Tae Sotvtion 1s 1n Warer. 


Mix THE PORTION INTENDED FOR THE DETECTION OF THE 46 
METALS WITH SOME HYDROCHLORIO ACID. 


1. THE SOLUTION HAD AN ACID OR NEUTRAL REACTION PRE- 
VIOUSLY TO THE ADDITION OF THE HYDROCHLORIO ACID, 

a. No PRECIPITATE IS FORMED: this indicates the ab- 
sence of silver and (mercurous) mercury. Pass on to 
§ 183. 

6. A PRECIPITATE Is FoRMED. Add more H Cl, drop 
by drop, until the precipitate ceases to increase; then 
add about six or eight drops more of H Cl, shake the 
mixture, and filter. 

The precipitate produced by H Cl may consist of silver 


* Regard is here had also to the presence of those salts of the alkali-earth 
metals which dissolve in H Cl and separate again from that solution unalk 
tered upon neutralization of the acid by N H,0H; viz.: phosphates, borates, 
&e, 
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chloride, mercurous chloride, lead chloride, a basic salt of 
antimony, bismuth oxychloride, metastannic chloride, 
possibly also benzoic acid. The basic’salt of antimony 
and the bismuth oxychloride, however, redissolve in the 
excess of H Cl: consequently, if the instructions given 
have been strictly followed, the precipitate collected 
upon the filter can consist only of silver chloride, mer- 
curous chloride, or lead chloride (possibly also of the very 
rare metastannic chloride and benzoic acid, which, 
however, are disregarded héxe). 

Wash the precipitate collected upon the filter twice 
with cold water, add the washings to the filtrate, and 
examine the solution as directed § 183, even though the 
addition of the washings to the acid filtrate should 
produce turbidity in the fluid (which indicates the 
presence of antimony or bismuth, or possibly also of 
metastannic chioride). 

Treat the twice-washed precipitate on the filter as 47 
follows : 

a, Pour hot water over it upon the filter, and test 
the fluid running off with H, 8 and with H, S O, for 
LEAD. (The non-formation of a precipitate simply 
proves that the precipitate produced by H Cl contains | 
no Pb, and does not by any means establish the total 
absence of this metal, as H Cl fails to precipitate Pb 
from dilute solutions.) If the H Cl precipitate con- 
tains Pb Cl,, wash it several times with hot water to 
dissolve out the lead. eigar’ 

B. If there is a residue remaining on the filter, 
treat it with ammonia. If this changes its color to 
black or gray, it is a proof of the presence of MERou- 
ROUS OXIDE. 

y. Add to the ammoniacal fluid running off in £, 
Ii N O, to strongly acid reaction. The formation of 
a white, curdy precipitate indicates the ‘presence of 
sttvER.* (If the precipitate still contained lead, the ~ 
ammoniacal solution generally appears turbid, owing 
to the separation of.a basic lead salt. This, however, 
does not interfere with the testing for silver, since the 
basic lead salt redissolves upon the addition of ILNQ,,.) 

2. THE ORIGINAL AQUEOUS SOLUTION HAD AN ALKALINE 4§ 
REACTION. 

a. THE ADDITION OF HYDROCHLORIC ACID TO STRONGLY 
ACID REACTION FAILS TO PRODUCE EVOLUTION OF GAS OR A 
PRECIPITATE, OR THE PRECIPITATE WHICH FORMS AT FIRST 
REDISSOLVES UPON FURTHER ADDITION OF HYDROCHLORIC 
ACID: pass on to § 183.. 


OO 


*If the quantity of silver is only very small, its presence is indicated by 
ppalescence of the fluid, 3 
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b, THE ADDITION OF HYDROCHLORIC ACID PRODUCES A 
PRECIPITATE WHICH DOES NOT REDISSOLVE IN AN EXCESS 
OF THE PRECIPITANT, EVEN UPON BOILING. 

a. The formation of the precipitate ts attended 49 
neither with evolution of hydrosulphurie nor of hy- 
drocyanic acid. Filter, and treat the filtrate as di- 
rected § 183. 

aa. THE PRECIPITATE Is wHIre. It may, in that 
case, consist of a salt of lead or silver, insoluble, 

or difficultly soluble in H,O and H Cl (reap cxto- 

RIDE, LEAD SULPHATE, SILVER CHLORIDE, &¢.), or it 

may be siticic acip. Test it for the bases and 

acids of these compounds as directed § 196, bear- 

-Ing in mind that the lead chloride or silver chlo- 

Fide which may be found may possibly have been 
formed in the process. 

bd. Tur PRECIPITATE IS YELLOW OR ORANGE, In 
that case it may consist of ARSENIOUS SULPHIDE, 
and if the fluid from which it has separated was 
not boiled long, or only with very dilute H Cl, 
also of ANTIMONIOUS SULPHIDE Or STANNIC SULPHIDE, 
which substances were originally dissolved’ in am- 
monia, potassa, soda, sodium phosphate, or some 
other alkaline fluid, with the exception of alkali 
sulphides and cyanides. Examine the precipitate, 
which may also contain stticic acip, as directed 40, 
8B. The formation of the precipitate is attended 50 

with evolution of hydrosulphuric acid, but not of 
hydrocyaniec acid.* 

aa. THE PRECIPITATE Is OF 
AND CONSISTS OF SEPARATED 
case & POLYSULPHIDE OF AN ALKA! 
ally present. The presence of s 
be detected also by the yellow orgi>wnish-yellow 
color of the alkaline solution. an = odor of hy- 
drogen disulphide (H, §,), which accompanies that 
of H,S on the addition of an acid. Boil, filter, 
and treat the filtrate as directed § 187, the precipi- 
tate as directed § 196. 

66. Tue PRECIPITATE 18 cotorED. In that case 
ou may conclude that a suLpHUR SALT is present.t 
he precipitate may accordingly consist of auRIC 

SULPHIDE, PLATINIC SULPHIDE, STANNIO SULPHIDE, AR- 
SENIOUS SULPHIDE, OF ANJIMONIOUS SULPHIDE. It 
might, however, consist also of MERCURIC SULPHIDE 


E WHITE COLOR, 
ur. In that 
TAL is gener- 


a body may 


* Should the odor of the evolved gas leave any doubt regarding the actual 
presence or absence of H CN, add some potassium chromate to a portion of 
the fluid, previously to the addition of the HCL 


¢ See p. 43. 


280 ACTUAL ANALYSIS. [§ 182 


or of CUPRIC SULPHIDE Or NICKEL SULPHIDE, or con- 

tain these substances, as the former will dissolve 

readily in K, §, and in small quantities in (N 11,), 8, 

and the latter are slightly soluble in (N H,),8. Fil- 

ter and treat the filtrate as directed § 187, the 

precipitate as directed 40, 

y. The formation of the precipitate ts attended 81 
with evolution of hydrocyanie acid, with or without 
simultaneous disengagement of hydrosutphuric acid. 
This indicates the presence of an ALKALI CYANIDE, 
and if the evolution of HCN is attended with that 
of HS, also of an aLKAu sutpuipe. In that case 
the precipitate may, besides the compounds enumer- 
ated in a and £, contain many other substances (e.g., 
nickel cyanide, silver cyanide, &.). Boil, with fur- 
ther addition of H Cl or of HN O,, until the whole 
of the HON is expelled, and treat the solution, or, 
if an undissolved residue has been left, the filtrate 
as directed § 183; and the residue (if any) according 
to § 196 or § 197. 

c. ‘THE ADDITION OF HYDROCHLORIC ACID FAILS TO PRO- 52 
DUCE A PERMANENT PRECIPITATE, BUT CAUSES EVOLUTION 
OF GAS. 

a. The escaping gas smells of hydrosulphurie 
acid: this indicates a sIMPLE ALKALI SULPHIDE, Or A 
SULPHUR SALT OF AN ALKALI Or ALKALI-EARTH METAL. 
Proceed as directed § 187. 

B. The escaping gas rs odorous : in that case it 


§ 183. 

ng gas smells of hydrocyanic acid: 
(no matt ether H,S or CQ, is evolved at the 
same tin not). This indicates an ALKALI oyA- 
ntil the whole of the HCN is ex- 


pass on to § 183. 


II. Tue Sotvrion 1s isn Hyprocutoric Acip or in Nirrony- 
DROCHLORIC ACID, 


Proceed as directed § 183. 
LIT. Tur Soturion 1s ry Nrrrio Acm. 


Dilute a smal] portion; should this produce turbidity or 58 
a precipitate (indicative of Bi), add HN O, until the fluid | 
is clear again, then I Cl. roe 
1. No pRecIPITATE IS FORMED. Absence of silver and 
(mercurous) mercury. ‘Treat the principal solution as 
- directed § 183. R 
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2. A PRECIPITATE Is FoRMED. Treat a larger portion 
of the HN QO, solution in the same way, filter, and ex- 
amine the precipitate as directed 47, the filtrate as di- 
rected § 183. 


§ 183. 


(se Do not fail to consult page 369 and also page 877. 


(Treatment with, Hydrosulphuric Acid. Precipitation of 
A Metals of Group Y, 2d Division, and of Group 
-) 


App To A small PORTION OF THE CLEAR ACID SOLUTION 
HYDROSULPHURIC ACID WATER, UNTIL THE ODOR OF HYDROSUL- 
PHURIC ACID IS DISTINCTLY PERCEPTIBLE AFTER SHAKING THE 
MIXTURE, AND WARM GENTLY. 

1. No preEcIPIraTeE Is FORMED, even after the lapse of some 54 
time. Pass on to § 187, for lead, bismuth, cadmium, 
copper, mercury, gold, platinum, antimony, tin, and ar- 
senic,* are not present; + the absence of tetrad iron and of 
chromates is also indicated by this negative reaction. 

2. A PRECIPITATE IS FORMED. 

a. The precipitate is of a pure white color, light, 55 
and finely pulverulent, and doesnot redissolve on ad- 
dition of HCl. It consists of separated sulphur, and 
indicates the presence of Iron As A FERRIC SALT. 
None of the other metals enumerated in 54 can be 
present. Treat the principal solution as directed 
§ 187. 

b. The precipitate is colored. 

Add to the Jarger proportion of the acid or acidi- 56 
fied solution, best in a small flask, H,S water in ex- 
cess, 7.¢., until the-fluid smells distinctly of it after 
shaking, and the precipitate ceases to Increase upon 
continued addition of the reagent; apply a gentle 
heat, shake vigorously for some time, filter, keep the 
filtrate (which contains the metals present of Groups 

I-IV.), for further examination according to § 187, 

* Where the preliminary examination has led you to suspect the presence 
of As O (OH);, you must endeavor to obtain the most conclusive evidence of 
the absence of this acid; this may be done by allowing the fluid to stand for 
some time at a gentle heat (about 70°), or by heating it with sulphurous acid 
previous to the addition of the H,S. (Compare § 133, 3.) 

+ In solutions containing much free acid the precipitates are frequently 
formed only after dilution with water. 

t Sulphur will precipitate also if sulphurous acid, or iodic acid, or bromic 
acid is present (which substances are not included in our analytical course), 
and also if chromic acid, or chloric acid, or free chlorine is present. In pres- 
ence of chromic acid the separation of the sulphur is attended with reduction 
of the acid to chromic oxide, in consequence of which the reddish-yellow color 
of the solution changes to green. (Compare § 138.) The white sulphur sus- 
pended in the green solution looks at first like a green precipitate, which fre- 
quently tends to mislead beginners, 
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and thoroughly wash * the precipitate, which contains 
We sulphides of the metals present of Groups V. and 

In many cases, and more particularly where there 
is any reason to suspect the presence of arsenic, it 
will be found more convenient to transmit H,S gas 
through the solution piLuTED wITH WATER, instead of 
adding H,S water. When arsenic is suspected it is 
also well to keep the fluid at about 70° C. during the 
transmission of the gas. 

If the precipitate is yellow, it consists principally 57 
of arsenious sulphide, stannic sulphide or cadmium 
sulphide; if orange colored, this indicates antimo- 
nious sulphide ; if brown or black, one at least of 
the following metals is present: lead, bismuth, cop- 
per, mercury as mercuric salt, gold, platinum, dyad 
tin. However, as a yellow precipitate may contain 
small particles of an orange-colored, a brown, or 
even a black precipitate, and yet its color not be very 
perceptibly altered thereby, it will always prove the 
safest way to assume the presence of all the metals 
named in 54 in any precipitate produced by H,S§, 
and to proceed as the next paragraph (§ 184) directs. 


. —§ 184, 
(= Consult the notes on pages 870 and 879. 


(Treatment of the Precipitate produced by Hydrosul- 
phuric Acid with Ammonium Sulphide ; Separation of 
the 2d Division of Group V. from Group V1. ) 


InrRopDUCE A SMALL PORTION OF THE THOROUGHLY WASHED 58 — 
PRECIPITATE PRODUCED BY HYDROSULPHURIC ACID IN THE ACIDI- 
FIED SOLUTION INTO A TEST-TUBE,+ ADD A LITTLE WATER, AND 
FROM TEN TO TWENTY DROPS OF YELLOW AMMONIUM SULPHIDE 
AND EXPOSE THE MIXTURE FOR A SHORT TIME TO A GENTLE BEAT. . 

1, Tur PRECIPITATE DISSOLVES COMPLETELY IN AMMONTUM 59 — 
SULPHIDE; absence of the metals of Group V.—cadmium 
lead, bismuth, copper,t mercury. Treat th remainder of 
the precipitate, of which you have digested a portion with 


* Compare § 7. a 

+ If there is a somewhat large precipitate, this may be readily effected by — 
means of a small spatula of platinum or horn; but if you have only a very © 
trifling precipitate, make a hole in the bottom of the filter, and rinse the pre- — 
cipitate into the test-tube by means of the washing-bottle, wait until the pre- 
cipitate has subsided, and then decant the water. ae 

¢ CopPER, if not already revealed by the preliminary examination, should — 
be tested for, at this stage of the analysis, in a portion of the original solution — 
by means of a clean iron rod (see § 120); because it may be dissolved to a 
considerable extent (as a cuprous sulphur salt), by concentrated and very 
yellow ammonium sulphide, especially in presence of Sn, Sb,and As 


‘ 
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(N H,), S,, as directed § 185. If the precipitate produced 
by H,S was so trifling that you have used the sift 2 of it in 
treating with (N H,), 8, precipitate the solution obtained in 
that process by addition of H Cl, filter, wash the precipitate, 
and treat it as directed § 185. 

2. THE PRECIPITATE IS NOL REDISSOLVED, OR AT LEAST NoT 60 
COMPLETELY, even on heating with more ammonium sulphide: 
presence of metals of Group V. Dilute with 4 or 5 parts of 
water, filter, and mix the filtrate with H Cl in slight excess. 

a. A pure white turbidity is occasioned, owing to the 
= coat of sulphur. Absence of the metals of Group 

[.—gold, platinum, tin, antimony, and arsenic.* Treat 
the rest of the precipitate, of which you have digested 
a portion with (N H,), S,, according to § 186. 

b. A colored precipitate is formed : presence of met- 61 
als of Group vi. and of Group V. Treat the eutire pre- 
cipitate produced by H, S as you have treated the por- 
tion, z.e. digest it with yellow ammonium sulphide, let 
subside, pour the supernatant liquid on a filter, digest 
the residue in the tube once more with yellow ammo- 
nium sulphide, and filter. Wash the residue + (contain- 
ing the sulphides of Group V.), and treat it afterwards 
as directed § 186. Dilute the filtrate (which contains 
the metals of Group VI. in the form of sulphur salts), 
add H Cl to distinctly acid reaction, heat gently, filter off 
the precipitate, which contains the sulphides of the met- 
als of Group VI. mixed with sulphur, wash thoroughly, 
and proceed as directed in the next paragraph (§ 185). 


§ 185. 
(Se Consult the notes in the Third Section ; page 378. 


(Detection of the Metals of Group VI.: Arsenic, 
Antimony, Tin, Gold, Platinum.) 


If the precipitate consisting of the sulphides of Group 62 
VI. has a PURE YELLOW COLOR, this indicates principally arse- 


* That this inference becomes uncertain if the precipitate produced by 
H, 8S, instead of being digested with a small quantity of (N H;). Sx, has been 
treated with a large quantity of that reagent, is self-evident; for the large 
quantity of sulphur which separates in that case will of course completely con- 
ceal any slight traces of As, S; or Sn 8, which may have been thrown down. 
Compare also notes to § 183 and § 184 in the Third Section. 

+ If the residue suspended in the fluid containing (N Hy). Sx, and insoluble 
therein, subsides readily, it is not transferred to the filter, but washed in the 
tube by decantation. But if its subsidence proceeds slowly and with difficulty, 
it is transferred to the filter, and washed there; a hole is then made in the 
bottom of the filter, and the residue rinsed into.a small porcelain basin by means 
of a washing-bottle ; the application of a gentle heat will now materially aid 
the subsidence of the residue, and the supernatant water may then be decanted. 
The sulphides are occasionally suspended in the fluid in a state of such minute 
division that the fluid cannot be filtered off clear. In cases of the kind sore 

_ NH, Cl should be added to the fluid, and it should be allowed to settle at a 
x gentle heat for some time before being filtered. 
ie 


ath. 
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nic and tetrad tin; if in the proved absence of copper it is 
distinctly ORANGE-YELLOw, antimony is sure to be pres) if 
it is BROWN or BLACK, this denotes the presence of dyad tin, 
platinum, or gold. 

Beyond these general indications the color of the precipi- 
tate affords no salle guidance. It is therefore always advisable 
to test a yellow precipitate also for antimony, gold, and plati- 
num, since minute quantities of the sulphides of these met- 
als are completely hidden by a large quantity of stannic sul- 
phide, or arsenious sulphide. Proceed cla pe 64 as follows: 

Heat a little of the precipitate on the lid of a porcelain 
crucible, or on a piece of porcelain or glass.* 

1. Complete volatilization ensues : probable presence of 63 
ARSENIC, absence of the other metals of Group V1. Confirm 
by reduction of a portion of the precipitate with KC N and 
Na, CO, (§ 182, 13).+ Whether that metal was present in 
the arsenious or in the arsenic form may be ascertained by 
the methods described § 134, 9. 

2. A fixed residue is left. In that case all the metals of 64 
Group VI. must be sought for. In absence of copper,t dry 
the remainder of the precipitate thoroughly upon the filter, 
triturate it with about 1 part of dry Na, CO, and 1 part of 
Na N O,, and transfer the mixture in small portions at a time 
to a porcelain crucible, in which you have previously heated 
2 parts of Na N O, to fusion.§ As soon as complete oxida- 
tion is effected, pour the mass on to a piece of porcelain. 
After cooling soak the fused mass| (the portion still stick- 
ing to the inside of the crucible as well as the portion 


* That this preliminary examination may be omitted if the precipitate has 
any other color than yellow, and that it can give a decisive result only if the 
precipitate has been thoroughly washed, is self-evident. 

+ In cases where the precipitate contains much free §, dissolve the As, S; 
which may be present, by digestion in (N H,)2 C Os, filter, evaporate the solu- 
tion with addition of a small quantity of Na, C O;, to dryness, and heat the 
residue with Na, C O3. 

¢ [If copper be present in the original substance it may also be contained in 
this precipitate in such quantities as to render the detection of antimony un- 
certain. In such acase it is best to treat the remainder of the precipitate at 
a boiling heat with sodium sulphide, which will dissolve only the sulphides of 
Group VI. Then filter from the cupric sulphide, dilute thé solution, precipi- 
tate again the sulphides of Group VI. by addition of H Cl in slight excess, 
warm, filter, wash thoroughly, and proceed as directed, 64,—-EpIToR. ] 

§ Should the amount of the precipitate be so minute that this operation can- 
not be conveniently performed, cut the filter, with the dried precipitate ad 
hering to it, into small pieces, triturate these with some Na, C O, and Na NO;, 
and project both the powder and the paper into the fusing Na N O;. It is 
preferable, however, in such cases, to procure, if practicable, a larger amount 
of the precipitate, as otherwise there will be but little hope of effecting the 
positive detection of all the metals of Group VI. 

| Supposing all the metallic sulphides of the sixth group to have been pres- 
ent, the fused mass would consist of antimonate and arsenate of sodium, stan- 
nic oxide, metallic gold and platinum, suiphate, carbonate, nitrate, and some — 
nitrite of sodium. Compare also § 1384, 1. When gold and tin are present to 
gether the fused mass often has a peculiar light-red. color. 
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poured out on the porcelain) in cold water, filter from the 
insoluble residue—which will remain if the mass contained 
antimony, tin, gold, or platinum—and wash thoroughly with 
a mixture of about equal parts of water and alcohol. (The 
alcohol is added to prevent the solution of the Na Sb O,,. 
The washings are not added to the filtrate.) The filtrate 
and the residue are now examined as follows: 

a. EXAMINATION OF THE FILTRATE FoR ARSENIC (which 65 


must be present in it in the form of Na, As O,). Add 
nitric acid to the fluid to distinct acid reaction,* heat 
to expel C O, and N, O,, then divide the fluid into two 
portions. Add to the one portion some Ag N OQ, (not 
too little), filter (in case Ag Cl +t or Ag N O, should have 
separated), pour upon the filtrate, along the side of the 
tube held slanting, a layer of dilute solution of ammonia 
—2 parts of water to 1 part of solution of ammonia— 
and allow to stand some time without shaking. The 
formation of a reddish-brown precipitate or cloud be- 
tween the two layers (seen most readily by reflected 
light), denotes the presence of ARSENIC. 

If the arsenic is present in some quantity, and the 
free nitric acid of the solution is exactly saturated 
with ammonia, the fluid being stirred during this pro- 
cess, the precipitate of Ag, As O,, which forms imparts 
a brownish-red tint to the entire fluid. 

Add to the other portion of the acidified solution, 
first, N H, O H, then magnesia mixture ;¢ and rub the in- 
terior walls of the vessel with a glass rod. A crystal- 
line precipitate of N H, Mg As O, + 6 H, O, which 
often forms only after long standing, and is deposited 

more particularly on the sides of the vessel, shows the 

presence of arsenic. By way of confirmation the pre- 
cipitate may be washed with water containing N H,OU, 
dissolved in dilute H Cl, and the solution precipi- 
tated by H,S, with the aid of a gentle heat, or the ar- 
senic may be reduced to the metallic state (compare 
§ 132 and § 133). Whether the arsenic was present in 
the arsenious or arsenic form, may be ascertained by 
the methods described § 134, 9. 

b. EXAMINATION OF THE RESIDUE FOR ANTIMONY, TIN, 
GOLD, PLATINUM. (As the antimony, if present in the 
residue, must exist as white pulverulent sodium anti- 


85 
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67 


* In some cases where a somewhat large proportion of Na, C Os; has been 
, or a very strong heat applied, a trifling precipitate (stannic acid) may 


separate upon the acidification of the filtrate with, H N 0s. 


This may be 


filtered off, and then treated in the same manner as the undissolved residue. 
+ Ag Cl will separate if the reagents were not perfectly pure, or the pre 

cipitate has not been thoroughly washed. 
t See note to p. 190. 


* 
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monate, the tin as white floceulent stannic oxide, the 
gold and platinum in the metallic state, the appearance 
of the residue is in itself indicative of its nature. But 
it must be noted that on account of the solubility of eu- 
prous sulphide in ammonium sulphide, cupric oxide may 
also be present in this residue [unless copper has been 
oamael by Na, 8S, as directed in the third note, p. 284. 
—Eprror]. Transfer the precipitate to the lid of a plati 
num crucible, or to a platinum capsule, heat with H Cl, 
add a little water, hdl throw in asmall compact luinp of 
pure zinc (more particularly free from lead), no mat- 
ter whether the precipitate has completely dissolved or 
not in the H Cl. This operation leaves the gold and 
platinum in the same state in which the fused mass 
contained them, viz.,in the metallic state, to which 
the tin and antimony are now likewise reduced by the 
action of the zinc. The antimony reveals its presence 
at once, or after a short time, by blackening the Pie i- . 
num. As soon as the disengagement of hydrogen has 
nearly stopped, take out the Jump of zinc, remove the 
solution of Zn Cl, by cautious decantation, warm the 
metals with H Cl, and test the solution—which, if tiv 
is present, must contain stannous chloride, with merecu- 
ric chloride (§ 129, 8). In what state of quantivalence 
tin or antimony were originally present may be ascer- 
tained according to § 134, 7 and 8. 
After removing the tin by repeated boiling with 68 
HCl, and all the HCl by thoroughly washing with 
water, examine the insoluble residue iit one is left) as 
follows: Heat it in the platinum lid with some water, 
with addition of a few grains of tartaric acid, then add 
some nitric acid, and heat gently.. If the residue dis- 
solves completely, no gold or platinum is present ; if a 
residue is left undissolved, you must test it for these 
metals. For this purpose remove the acid solution 
(which may be: tested again for antimony with H, 8) 
by decantation and washing, transfer the residue to a 
porcelain dish, heat with a little aqua regia, evaporate 
the solution to a sinall volume, and test for gop and 
PLATINUM as directed § 128. 


8 186. 


[S™ Consult the notes on pages 369 and 878. | 
(Detection of the Metals of Group V., 2d Division :—Lead, 


ismuth, Copper, Cadmium, Mercury.) 3 


THOROUGHLY WASH THE PRECIPITATE WHICH HAS NOT BEEN 69 
DISSOLVED BY AMMONIUM SULPHIDE, AND BOIL WITH DILUTE NI- * 


a 
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rric actiD. This operation is performed best in a small porce- 
lain dish: the boiling mass must be constantly stirred with 
a glass rod. A great excess of acid must be avoided. 

1, Tue PRECIPITATE DISSOLVES, AND THERE REMAINS FLOAT- 70 


ING IN THE FLUID ONLY THE SEPARATED LIGHT FLOCCULENT 


« 


AND YELLOW suLPHuR: this indicates the absence of mercury. 
CADMIUM, COPPER, LEAD, and BisMurH may be present.  Fil- 
ter from the separated sulphur, and treat the filtrate as fol- 
lows (should there be too much H N O, present, the greater 
part of this must first be driven off by evaporation): Add 
to a portion of the filtrate dilute H, S O, in moderate quan- 
tity, heat gently, and allow to stand some time. 

a. No preciprraTE ForMs: absence of lead. Mix the 71 
remainder of the filtrate with N H, O H in excess, and 
gently heat. : 

a. Wo precipitate is formed: absence of bismuth. 72 

If the liquid is blue, copper is present; very mi- 

nute traces of copper, however, might be overlooked 

if ns, ad of the ammoniated fluid alone were con- 

sulted. To be quite safe, and also to test for cad- 

mium, evaporate the ammoniated solution nearly to 
dryness, add a little acetic acid, and, if necessary, 
some water, and 
aa. Test a small portion of the fluid for copper 73 
with K,Fe(CN),. A reddish-brown precipitate 
or a light brownish-red turbidity indicates coprER 
(in the latter case only to a very trifling amount). 
bb. To the remainder, if copper is absent, add 74 
H,S. <A yellow precipitate indicates capMIuM. 
If copper is present, it is most conveniently re- 
moved in the form of cuprous sulphocyanate by 
means of sulphurous acid and K CN §, and the fil- 
trate, after being evaporated to drive off excess of 
S$ 0O.,, is tested for cadmium with H,S. Or both 
metals may be precipitated by H,S, and then 
separated by KCN (in which case the sulphides 
- must have been recently precipitated) or by boil- 
ing dilute H, S O, (§ 123). 
B. A precipitate is formed. Bismutn is present. 75 
Filter and test the filtrate for copper and cadmium as 
directed 72, To test the washed precipitate more 
fully for bismuth, slightly dry the filter containing it 
between blotting-paper, remove the still moist pre- 
cipitate with a platinum spatula, dissolve on a watch- 
glass in the least possible quantity of H Cl, and then 
add water. The appearance of a milky turbidity 
confirms the presence of bismuth. 
6. A PRECIPITATE I8 FORMED. Presence of 1EAD. 7G 
ix the whole of the HNO, solution in a porcelain 
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dish with a sufficient quantity of dilute I, S O,, evap- 
orate on the water-bath until the HN O, is expelled, 
dilute the residue with some water containing H, S O,, 
filter off at once the PbS O, left undissolved, and test 
the filtrate for bismuth, copper and cadmium, as di- 
rected '71,* Test the precipitate, after washing, by one 
of the methods in § 123. 

2, THE PRECIPITATE OF THE SULPHIDES DOKS NoT com- 77 
PLUTELY DISSOLVE IN THE BOILING NITRIC ACID, BUT LEAVES A 
RESIDUE, BESIDES THE SULPHUR THAT FLOATS IN THE FLUID. 
Probable presence of mercury (as mercuric salt) (which may ~ , — 
be pronounced almost certain if the precipitate is heavy and 
black). Allow the precipitate to subside, filter off the fluid, 
which is still to be tested for cADMIUM, COPPER, LEAD ald BIs- 
MUTH; mix a small portion of the filtrate with a large 
amount of solution of H,S, and should a precipitate form 
or a coloration become visible, treat the remainder of the 
filtrate according to 70, 

Wash the residue (which may, besides Hg S, also contain 
PbS O,, formed by the action of H N O, upon Pb §, and also 
Sn O, and possibly Au, §, and Pt §,,as the separation of the 
sulphides of tin, gold and platinum from the sulphides of the 
metals of the fifth group is often incomplete), and examine 
one-half of it for mereury,t+ by dye) ving it insome H Cl, with 
addition of a very small portion of potassium chlorate, and 
testing the solution with co per or stannous chloride (§ 119) ; 
fuse the other half with KC N and Na, CO O,, and treat the 
fused mass with water. If metallic grains remain, or if a 
metallic powder is left undissolved, wash this residue, heat 
with H N O,,and test the solution obtained with H,$S O, for . 
lead. Wash the residue which the H NO, may leave un- 
dissolved, and extract from it any metastannic acid which ; 
it may contain, according to § 130, 1, as metastannic chlo- 
ride. -Should a metallic powder be left undissolved in the — 
process, heat it with aqua regia, and test the solution for 
gold and platinum as directed § 128. 


§ 187. 
(ce Compare the notes on pp. 370 and 379. 


(Precipitation with Ammonium Sulphide, Separation ana — 
Detection of the Metals of Groups ILI, and IV.: Alumin- — 
* For another method of separating Cd, Cu, Pb, and Bi, see the Third — 
Section, page 379. - a. Te 
+ If you have an aqueous solution, or a solution in very dilute HCl, the — 
mercury found was present in the original substance in the mercuric form; — 
butif the solution has been prepared by boiling with concentrated H Ol, or by — 
heating with H N O; or aqua regia, the mercury may have been origi res” 


ve 


# t in the mercurous form. 


§ 187. ] GROUPS III. AND IV. 289° 


ium, Chromium; Zinc, Manganese, Nickel, Cobalt, Iron ; 
and also of those Salts of the Alkali-Earth Metals which 
are precipitated by Ammonia from their Solution in Hydro- 
chlorie Acid: Phosphates, Borates, Oxalates, Silicates, and 
Fluorides.) 


Por a small portion oF THE FLUID IN WHICH HYDROSUL- 78 
PHURIC ACID HAS FAILED TO PRODUCE A PRECIPITATE (54), oR 
OF THE FLUID WHICH HAS BEEN FILTERED FROM THE PRECIPI- 
TATE FORMED (56), ina test-tube, observe whether it is colored 
or not,* boil to expel the H, S which may be present, add a 
few drops of HN O,, boil, and observe again the color of 
the fluid; then cautiously add N H, O H just to alkaline re- 
action, heat, observe whether this produces a precipitate, 
then add some (N H,), 8, no matter whether ammonia has 
produced a precipitate or not. 
a. NEITHER AMMONIA NOR AMMONIUM SULPHIDE PRO- 79 
DUCES A PRECIPITATE. Pass on to § 188, for iron, nickel, 
cobalt, zinc, manganese, chromium, aluminium, are not 
resent,{ nor are phosphates, borates,{ silicates, oxa- 
ates,§ and fluorides of the alkali-earth metals; nor 
silicic acid, originally in combination with other metals. 
b, AMMONIUM SULPHIDE PRODUCES A PRECIPITATE, AM- 80. 
MONIA HAVING FAILED TO DO so: absence of phosphates, 
borates, silicates, oxalates,§ and fluorides of the alkali- 
earth metals; of silicic acid, originally in combination 
with other metals ; and also, if no organic matters are 
present, of iron, chromium and aluminium. Pass on 
to 82. 
ce. AMMONIA PRODUCES A PRECIPITATE before the addi- 8I 
tion of (N H,),8. The course of proceeding to be pur- 
sued now depends upon whether, («) the original solution 
is simply aqueous, and has a neutral reaction, or (8) the 


* Tf the fluid is colorless, it contains no Cr. If colored, the tint will to. 
some extent act asa guide to the nature of the substance present; thus a. ~~ * 
green tint, or a violet tint turning green upon boiling, points to Cr; a light- 


green tint to Ni; a reddish colorto Co; the turning yellow of the fluid upon boil-. 
ing with nitric acid to Fe. It must, however, be remembered that these tints, 
except the last, are perceptible only if the metals are present in large quantity, 
and also that complementary colors, such as, for instance, the green of the Nii 
solution and the red of the Co solution, will destroy each other, and that, ac- 
cordingly, a solution may contain both metals and yet appear colorless. 

+ This only holds goods as regards Al and Cr in the absence of non-volatile: 
organic substances, especially acids such as citric and tartaric agids. Citric 
acid may also prevent the precipitation of Mn. When the preliminary exam- 
ination has indicated presence of organic matters, and of metals of Groups IIL. 
and IV., fuse a portion of the substance with Na, C O; and Na N Os, dissolve: 
in dilute H Cl, filter, and test the solution according to 78, 

t Presence of much N H, Cl has a great tendency to prevent the precipita- 
tion of borates of the alkali-earth metals. 

_ § Magnesium oxalate is thrown down from H Cl solution by N H, OH after 
some time only, and never completely; dilute solutions are not precipitated 
by N H, O48. 


19 
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original solution is acid or alkaline. In the former case 

' pass on to 82, since phosphates, borates, oxalates, sili- 
cates, and fluorides of the alkali-earth metals, and silicic 
acid in combination with other metals, cannot be pres- 
ent. In the latter case regard must be had to the 
possible presence of all the bodies enumerated in 79, 
and also, in the presence of organic matter, of the com- 
binations of alkali-earth metals with citric and tartaric 
acids; pass on to 94, 


1. Derrcrion or THE BASES oF Groups III. anp IV. 1 89 
PHOSPHATES, &C., OF THE ALKALI-EARTH METALS ARE NOT PRES- 
ENT,* 

_ Mix the fluid mentioned at the beginning of 78, a portion 

of which you have submitted to a preliminary examination, 
with some N H, Cl, then with N H, O H, just to alkaline re- 
action, lastly with (N H,), § until the fluid, after being shaken, 
smells distinctly of that reagent; shake the mixture until 
the precipitate begins to separate in flakes, heat gently for 
some time, and filter. 

Keep the rirratr,t+ which may contain bases of Groups 
II. and L., for subsequent examination according to § 188. 
Wash the preocrriratTe with water to which a very little 
oe H,), S has been added, then proceed with it as fol- 

OWS :— 

a. Ir HAS A PURE WHITE coLor: absence of iron, 88 
cobalt, nickel. You must test it for all the other bases 
of Groups III: and IV., as the faint tints of chromic 
hydroxide and manganese sulphide are imperceptible in 
a large quantity of a white precipitate. Dissolve the 
precipitate by heating it in a'small dish with the least 
possible amount of H Cl; boil—should H, 8 be evolved 
until this is completely expelled—concentrate by 
evaporation to a small ¢ bulk, add concentrated solution 
of Na O H in excess, boil for some time. 

«. The precipitate formed at first dissolves com- 84 
pletely in the excess of soda. Absence of manganese ~ 
and chromium, presence of aluminium or zinc. Test 
a portion of the alkaline solution with solution of 
H, § (a little, not excess) for zinc ; acidify the remain- 
der with H Cl, add N H, O H slightly in excess, and 


* This sib ier metkod will fully answer the purpose in most cases ; for very 
accurate analysis the method beginning at 94 is preferable, as this will permit 
also the detection of minute quantities of alkali-earth metals which may have 
been thrown down together with Al or Cr: Solutions which are distinctly 
colored by Cr should always be examined by 94, 

+ If the filtrate has a brownish color, this points to Ni, since Ni §, as is well 
known, under certain circumstances, is slightly soluble in ammonium sulphide; 
this, however, involves no modification of the analytical course. 

¢ Compare § 106, 6. 
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apply heat. A white flocculent precipitate insoluble 
in more N H, Cl, indicates atummium.* 

8. The precipitate formed does not dissolve, or dis- 85 
solves only partially, in the excess of soda. Dilute, 
filter, and test the rmrrars, as in 84, for zinc and 
ALUMINIUM. With the undissolved precrrrrare, which, 
. containing manganese, looks brown, proceed as fol- 
OWS :— 

aa. If the color of the solution gives you no rea- 
son to suspect the presence of chromium, test the 
precipitate for MANGANESE, with Na, C O, in the 
outer blowpipe flame. 

66. But where the color of the solution indicates 86 
chromium, the examination of the residue insoluble 
in solution of soda is more complicated, since it may 
in that case contain also zinc, possibly even the 

' whole quantity present of this metal (§ 112). Dis- 
solve the precipitate therefore in H. Cl, evaporate 
the solution to a small residue, dilute, nearly neu- 
tralize the free acid with Na, C O; add Ba CO, in 
slight excess, allow to digest in the cold until the 
fluid has become colorless, filter, and test the pre- 
cipitate for cHromtm, by fusion with Na, C O, and 

K Cl O, (§ 102, 8). Remove the Ba from the fil- 

trate, by precipitating with some H, 8 Q,, tilter, 

evaporate to a small residue, add concentrated so- 
lution of Na O H in excess, and test the filtrate for 
zinc with H, 8, the precipitate, if any, for man- 

GANESE as in ad. 

6. Ir 1s Nor ware: this indicates chromium, man- 87 
ganese, iron, cobalt, or nickel. If it is black, or inclines 
to black, one of the three metals last-mentioned is pres- 
ent. Under any circumstances all the metals of Groups 
IIL, and [V. must be looked for. 

Remove the washed precipitate from the filter with a 
spatula, or by rinsing it with the aid of a wash-bottle 
through a hole made in the bottom of the filter, into a 
test-tube, and pour over it rather dilute cold HCl(1 
part of H Cl, sp. gr. 1:12, with about 5 parts of H, O) in 
moderate excess. . 

a. Lé dissolves completely (except perhaps a little 88 
sulphur); absence of cobalt and nickel, at least of 
notable quantities of these two metals. 

Boil until the H, S is completely expelled,add HN O,, 


* Tt is of course assumed that the Na O H used is free from aluminium and 
silicic acid. In default of pure NaOH you may make a counter-experiment 
with an equal quantity of the alkali alone; if you obtain a very much smaller 
precipitate now than you obtained in the analysis you may conclude that aln- 
minium is actually present in the substance, 
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boil, filter if particles of sulphur are suspended in the 
fluid, concentrate. by evaporation to a small residue, 
add concentrated solution of Na O H in excess. boil, 
filter the fluid from the insoluble precipitate which is 
sure to remain, wash the latter, and proceed first to 
examine the filtrate, then the precipitate. 

aa. Test a small portion of the filtrate with 89 

H,8 for zmvc; acidify the remainder with HCl, 

then test with ammonia for aLtummium. Com- 

pare 85. 

bb. Dissolve a small portion of the precipitate 90 
in HCl, and test with K,Fe (CO N),, added drop 
by drop, or with KC NS for mon.* Test another 
edo for curomium by fusing with Na, C O,, and 

Cl O,, and boiling the fusion with water 

(§ 102, 8).¢ Ifno chromium has been found, ex- 

amine the remainder for maneanuse by Na, CO O; 

in the oxidizing flame. If chromium is present, on 

the other hand, test the remainder of the precipi- 

tate for manganese and zine as directed 86, (Un- 
der these circumstances the whole of the zine may 

be present in this precipitate.) 

B. The precipitate is not completely dissolved, a 91 
black residue being left. This indicates copaur and 
NICKEL. This indication is not certain, especially in 
the presence of much Fe §, particles of which may 
become enveloped in the separated S, and thus be 
protected from the action of the H Cl. Filter, wash, 
and examine the filtrate according to 88, Heat the 
precipitate with the filter in a porcelain crucible till 
the filter is incinerated, allow to cool, warm with 
HCl and a drop or two of HN O,, add water, then 
ammonia in moderate excess, and filter. 

The ammoniacal filtrate will be blue in presence 
of much nickel, brownish in the presence of much 
cobalt, and will have a less distinct mixed color if 
both metals are present. Test a portion of it with 
(N H,), 8S. If a black precipitate is formed, which 
does not redissolve on acidifying with HCl, the pres- 
ence of cobalt or nickel is proved. 

In that case evaporate the rest of the ammoniacal 
solution to dryness, drive off the ammonia salts by 

entle ignition, and proceed with the residue as fol- 
OWS: ih 
* Since Prussian blue dissolyes in K, Fe (CN). to a colorless fluid, smal] 
quantities of Fe may easily be overlooked if the reagent is added rapidly in large 
quantity. The original solution must be tested with K, Fe. (C N)i. and 
KC NS, to learn whether the Fe be in dyad or tetrad form. ‘ 


+ If the solution is green from the presence of sodium manganate, heat it 
with a few drops of alcohol ani filter off the Mn O, formed. 


$ 187.] PRESENCE OF PHOSPHATES, ETO. — 293 


aa. Test a small portion of it with borax, first in 92 


the outer, then in the inner blowpipe-flame. If 
the bead in the oxidizing flame is violet whilst hot, 
and of a pale reddish brown when cold, and turns 
in the reducing flame gray and turbid, nickeL is 
resent 5 but if the toler of the bead is blue in’ 
oth flames, and whether hot or cold, copaur is’ 
present. Asin the latter case the presence of 
nickel cannot be distinctly recognized, examine 


66. the remainder of the residue by dissolving 93 


it in H Cl and a little H N O,, evaporating nearly 
to dryness, and adding K N O,, and, lastly, acetic 
acid (§ 109,14). If a yellow precipitate forms, 
after standing for some time at a gentle heat, this 
contirms the presence of copatr. Filter after about 
twelve hours, and test the filtrate with Na O H for 
NICKEL. 


9. DeTEcTION OF THE METALS OF GRouPs III. anp IV. 1n 94 


CASLS WHERE PHOSPHATES, BORATES, OXALATES, SILICATES, FLU- 
ORIDES (IN THE PRESENCE OF ORGANIC MATTER, POSSIBLY ALSO 
TARTRATES AND CITRATES) OF THE ALKALI-ARTH METALS, OR 
SU.I0IC ACID MAY POSSIBLY HAVE BEEN THROWN DOWN, 7.¢., in 
cases where the original solution was acid or alkaline, and a 
precipitate was produced by ammonia in the examination of 


e 

Mix the fluid mentioned in 78 with some N H, Cl, then 
with N H, O H just to alkaline reaction, lastly with (N H,), 5, 
until the fluid, after being shaken, smells distinctly of the 
reagent ; shake the mixture until the precipitate begins to 
separate in flakes, heat gently for some time, and filter. 

Keep the rmrratr, which may contain bases of Groups 
IC and L, for subsequent examination according to § 188. 
‘Wash the preciprrare with water to which a very little 
(N H,),S has been added, then proceed with it as directed 
96. To obtain a clear notion of the obstacles to be over- 
come in this analytical process, it must be considered that 
it is necessary to examine the precipitate for the following 
bodies: Iron, nickel, cobalt (these show their presence to a 
‘certain extent by the black or blackish color of the precipi- 
ome manganese, zinc, chromium (the latter generally re- 
veals its presence by the color of the solution), aluminium, 
barium, strontium, calcium, magnesium, which latter sub- 
stances may have fallen down in combination with phos- 
wae acid, boracic acid, oxalic acid, silicic acid, in form of 

uorides, or in combination with chromic oxide. Besides 
these bodies, silicic acid and free sulphur may be present. 
(in the presence of organic substances, tartrates and ci- 
trates of alkali-earth. metals may be also present.) 


ee 


| 
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As the original substance must be afterwards examined 95 
for all acids that might possibly be present, it is not indis- 
pensable to test for the above enumerated acids at this stage ; 
still, as it is often interesting to detect these acids at once, 
especially in cases where a somewhat large proportion of 
some alkali-earth metal has been found in this precipitate, a 
method for the detection of the acids in ghee will be 
found appended by way of supplement to the method for 
the detection of the metals. 

As soon as the washing is finished, remove the precipi- 96 
tate from the filter with a small spatula, or with the wash- 
ing-bottle, and pour over it cold dilute H Cl (1 part of H Cl 
sp. gr. 1:12, with about 5 parts of water) in moderate ex- 
cess. 

a. A RESIDUE REMAINS. Filter, and treat the filtrate 97 
as directed 98. The residue, if it is black, may contain 
sulphides of nickel and cobalt, and, besides these, sul- 
phur and silicic acid, possibly also calcium fluoride 
(which is rather diffienltl soluble). Wash, and exam- 
ine a sample of it with Na PO, before the blowpipe in 
the outer flame. If a silica skeleton remains undis- 
solved (§ 150, 9) this proves the presence of smLicio AcID ; 
the color of the bead will generally at once indicate 
COBALT OF NICKEL, compare 92. Invinerate the rest of 
the precipitate and test it first for rLvormNE, by heating 
with H,S O, (§ 146, 5). If fluorine is present, on 
treating the residue with a little water, and adding an 
equal voluine of alcohol, catcium sulphate will remain 
behind. Tinally, if the color of the Na P O, bead has 
been ambiguous, remove the alcobol from the sulphurie 
acid solution by evaporation (if necessary), precipitate 
the traces of iron generally present by ammonia, and 
test for nickel and cobalt as in 9] to 94, mt. 

b. No restDuxE Is LEFr (except a little sulphur, whose 98 
purity is to be proved by washing, drying and burning): 
absence of nickel and - cobalt, at least in any notable 
proportion. 

oil the solution until the H,S is expelled, filter if 
necessary, and then proceed as follows: 

e a. Mix a small portion of the solution with dilute 99 
H,SO,. If a precipitate forms, this may consist of 
BARIUM and srronriuM sulphates, possibly .also of 
calcium sulphate. Filter, wash the precipitate and — 
examine it either by the coloration of flame (see § 99, — 
at end), or decompose it by boiling or fusing with 
carbonated alkali, wash the carbonates produced, dis- 
solve them in HCl, evaporate to dryness, take u 
with water, and test the solution as directed 108, 
Mix the fluid which has not been precipitated by di- 
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lute H, $ O,, or the fluid filtered from the precipitate 
produced, with 3 volumes of alcohol. If a precipi-. 
tate forms, this consists of catcrum sulphate. Filter, 
dissolve in water and add (N H,),C, O, to confirm the 
presence of calcium. 

8. Heat a somewhat larger sample with H N O,,100 
and test a small portion of the fluid with K, Fe (CN), 
added drop by drop, or with K ONS for mon ;* 
mix the remainder with Fe, Cl,t in sufficient quan- 
tity to make a drop of fluid give a yellowish pre- 
cipitate when mixed on a wisitcli-ilis with a drop of 
N H, OH, evaporate on a water-bath to a small bulk, 
add some water, then a few drops of Na, C O,, just 
sufficient to nearly neutralize the free acid, and 
lastly Ba CO, in slight excess, stir and allow to 
stand in the cold until the fluid above the precipi- 
tate has become colorless. Filter the precipitate 
(aa) from the solution (45), and wash. 

aa. Boil the precipitate for some time with 101 
solution of soda, filter, and test the filtrate for 

ALUMINIUM,{ by acidifying with HCl, adding 

NH, O & to alkaline reaction and boiling. The 

part of the precipitate insoluble in Na O H is ex- 

amined for cnromium, by fusion with K Cl O, and 

Na, CO, (§ 102, 8). 

bb. Mix the solution first with a few drops of 
H Cl, boil to expel C O,, then add N H, O H and 
(NH), 8. 
aa. No precipitate forms; absence of man- 102 
ee and zinc. Mix the solution containing 
. Ba Cl, with dilute H, S O, in slight excess, boil, 
filter, supersaturate with N H, O H and mix 
with (N H,), C,O,. If a precipitate of Ca C, O, 
forms, filter and test the filtrate with Na, H PO, 
for MAGNESIUM. 
BB. A precipitate forms. Filter, and pro-103 
ceed with the filtrate according to 102. . The 
precipitate may contain Mn §, Zn §, traces of 


* Whether the iron was present as a ferric or a ferrous compound must be 
ascertained by testing the original solution in H Cl with K, Fe(C N),. and 
KCNS. 

+ The addition of Fe, Cl, is necessary, to effect the separation of phos- 
phoric acid and silicic acid which may be present and which would go down in 
combination with alkali-earth metals, on addition of Ba C O3;. 

t If the solution or the NaOH contains silicic acid, the precipitate taken 
for Al, (OH), may also contain silicic acid. A simple trial with Na P O;, ona 
platinum wire, in the blowpipe flame, will show whether the precipitate really 
contains Si. Should this be the case, ignite the remainder of the precipitate 
on the lid of a platinum crucible, add some Na, 8, 0;, fuse and treat with 
H Cl, which will dissolve the Al, leaving Si O, undissolved ; precipitate the A! 
from the solution by NH,OH ; 
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CoS and NiS; and also (in the presence of 
tartrates and citrates of the alkali-earth metals) 
FeS. Wash it and test for MANGANESE, ZINC, 
COBALT and NICKEL, according to 87 to 94 (if the 
last two metals have not been found in 97). 
ry. If you have found alkali-earth metals in a and104 
8, and wish to know the acids in combination with 
which they have passed into the precipitate pro- 
duced by (N H,), S, make the following experi- 
ments with the remainder of the H Cl solution of 
the (N H,), S precipitate. 
aa. Kvaporate a small portion in a dish or 105 
watch-glass on the water-bath to complete dryness, 
then treat with HCl. If there was any smcic 
Acip in the solution, this will be left undissolved. 
Evaporate the solution with H N O, and test it for 
PHOSPHORIC ACID, by means of molybdie solution 
(§ 142, 10). 
6b. Concentrate another portion by evaporation, 
mix it with solution of Na, CO, a excess, boil for 
some time, filter and examine one portion of the 
filtrate for oxaio actin, by acidifying with acetic 
acid and adding solution of CaS O,; another por- 
tion for Boric acip, by slightly acidifying with 
II Cl, and testing with turmeric-paper (§ 144 and 
§ 145). (In the presence of organic matter the 
rest of the filtrate may be used for testing for 
TARTARIO and ClrRiC ACIDS, compare 142,) 
cc. Precipitate the remainder with N H,O H, 106 
filter, wash and dry the precipitate, and examine 
it for FLUORINE according to § 146, 5." 


§ 188, 
[<e" Compare the notes on pp. 870 and 380. ) 
(Separation and Detection of the Metals of Group IT. 


which are precipitated by Ammonium Carbonate in 
Presence of Ammonium Chloride, viz., Bariwm, Stron- 
tium, Calcium.) 


To A SMALL PORTION OF THE FLUID IN WHICH AMMONIA 
AND AMMONIUM SULPHIDE HAVE FAILED TO PRODUCE A PRECIPI- 
TATE (7Q), OR OF THE FLUID FILTERED FROM THE PRECIPITATE 
FORMED, ADD AMMONIUM CHLORIDE, IF THE SOLUTION CONTAINS 
NO AMMONIUM SALT, THEN AMMONIUM CARBONATE AND SOME 
AMMONIA, AND HEAT FOR SOME TIME VERY GENTLY (not to 
boiling). i 
he No precrprrare Forms: absence of an y notable quantity 107 
of barium, strontium, and calcium. Traces of these metals 
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may, however, be present; to detect them proceed as fol- 
lows, Add toanother portion of the fluid some (N H,), S$ O, 
(prepared bysupersatnrating dilute H, SO, with NH,O4); 
if the fluid becomes turbid, it contains traces of barium. 
Add to a third portion some (N H,), C, O, and allow it to 
stand; if the fluid turns turbid, traces of calcium are pres- 
ent. Treat the remainder of the fluid as directed § 189, 
after having removed the traces of Ca and Ba which have 
been found by means of the reagents that have served for 
their detection. 
_ 2, A PRECIPITATE Is FORMED: presence of CALCIUM, BARIUM, 108 
orstrontiuM. ‘Treat the whole fluid of which a portion has 
been tested with N H,O H and (N H,), C O,, the same as 
the sample, filter off the precipitate formed, after gently 
heating, and test portions of the filtrate with sulphate and 
oxalate of ammonium for traces of Ca and Ba, which it 
may possibly still contain ; remove such traces, should they 
be found, by means of the said reagents, and examine the 
fluid, thus perfectly freed from Ba, Sr and Ca, for magne- 
sium, according to § 189. Wash the precipitate produced 
by (N H,), C O,, dissolve it in the least possible amount of 
dilute H Cl, evaporate to dryness on the water-bath, take up 
the residue with @ little water, and add to a small portion 
of the fluid a sufficient quantity of solution of CaS QO, 
a. No precipitate is formed, Not EVEN AFTER THE 
LAPSE OF SOME TIME. Absence of Ba and Sr;* pres- 
ence of catcium. To confirm mix another sample 
with (N H,), C, O,. 
b. A precipitate is formed by solution of calcium 
sulphate. 
«, It is formed immediately ; this indicates Ba- 109 
ricM. Besides this, Sr and Ca may also be present. 
Evaporate the remainder of the H Cl solution of 
the precipitate produced by (N H,), C O, to dryness, 
digest the residue with strong alcohol, decant the 
fluid from the undissolved Ba Cl,, dilute with an equal 
volume of water, mix with a few drops of SiH, F, 
—which will throw down the small portion of barium 
that had dissolved as Ba-Cl,—allow to stand for 
some time; filter, and mix the filtrate with dilute 
H,$0O,. The formation of a precipitate indicates 
the presence of strontium or calcium, or of both. 
Filter after some time, and test the precipitate 
according to p. 114 for srronrium and cAaL- 
CIUM. he separation by boiling the sulphates 
with (N H,), S O, suffices for ordinary cases; but in 


_ * Very minute traces of Sr cannot be detected in this way, as Sr S O, is not 
_ absolutely insoluble. See § 99. 
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very delicate analyses the nitrates must be treated 
with alcohol and ether, and the residue examined in 
the spectroscope. 

8. Lt vs formed only after some time. Absence of 110 
barium, presence of srronrium. Mix the remainder 
of the aqueous solution of the chlorides with a sufli- 
cient amount of concentrated solution of (N H,), 8 O,, 
and boil for some time, renewing the water as it eva- 
edge and adding ammonia to keep the fluid alka- 

ine. Then filter off the Sr S O,, and test the filtrate 
for caLorum, with (N H,), C, O,. 


§ 189. 
(Hxamination for Magnesium.) 


To A PORTION OF THE FLUID IN WHICH CARBONATE, SUL- 
PHATE, AND OXALATE OF AMMONIUM HAVE FAILED TO PRODUCE 
A PRECIPITATE (107) oR OF THE FLUID FILTERED FROM THE — 
PRECIPITATES FORMED (108), App AMMONIA, THEN SOME SODIUM 
PHOSPHATE, AND, SHOULD A PRECIPITATE NOT AT ONCK FORM, 
RUB THE INNER SIDES OF TIE TEST-TUBE WITH A ROD, AND LET 
THE MIXTURE STAND FOR SOME TIME. 

1. No PRECIPITATE IS FORMED: absence of magnesium. 11] 
Evaporate another portion of the fluid to dryness (prefer- 
ably in the lid of a platinum crucible), and ignite gently. 
Tf a residue remains, treat the remainder of the fluid the 
same as the sample, and examine the residue (freed from am- 
monia by the moderate ignition) for potassium and sodium, 
according to § 190. Jf no residue is left, this is proof of 
the absence of K, Na and Li; pass on at once to § 191. 


2. A ORYSTALLINE PRECIPITATE IS FORMED: presence of 1139 


MAGNESIUM.* As testing for alkalies can proceed with cer- 
tainty only after the removal of magnesium, evaporate the 
remainder of the fluid to dryness, and ignite until all am- 
monium salts are removed. Warm the residue with some 
water, add baryta-water (prepared from the crystals)t as 
long as a precipitate continues to form, boil, filter, add to 


* N H, Mg P 0,. 6H, O is invariably crystalline; if Na. H P O, produces a 
slight flocculent precipitate, you are therefore not justified in concluding that 


magnesium is present. The slight flocculent precipitate, which is here some- j 
times obtained, consists of Al P O,. You get it when Al is contained in the 
original substance, and you use too large an excess of ammonia in precipitating — 


the third and fourth groups. Its production depends upon the fact that 


Al P O, is far less soluble in ammonia than Al (O H);. Al P O, differs also from — 
Mg NH, P 0, by its insolubility in acetic acid. If you want to test the precip- — 
itate in this manner, it should first be filtered off. From the acetic acid solu- — 


tion of Mg N H, P O,, ammonia would throw down the pure salt. 


+ Or thin milk of lime, freed from every trace of alkali by repeated extrac- 
tion with water. Acd it to the warm fluid with stirring till turmeric-paper ie 


atrongly affected, 
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the filtrate a mixture of (N H,),CO, and NH,OH8 in 
slight excess, heat for some time gently, filter, evaporate 
the filtrate to dryness, with addition of sume N H, Cl (to 
convert into chlorides the alkali hydroxides or carbonates 
that may happen to form), ignite gently, dissolve in a little 
water, precipitate if necessary once more with (N H,), CO, 
and NH,OH, filter, evaporate again, and if a residue 
remains, ignite this gently, not above faint redness, and 
examine it according to § 190. 


§ 190. 
(Examination for Potassium and Sodium.) 


You HAVE NOW TO EXAMINE FOR POTASSIUM AND SODIUM 
THE GENTLY IGNITED RESIDUE, FREE FROM AMMONIUM SALTS 
AND ALKALI-EARTH METALS, WHICH HAS BEEN OBTAINED IN 
111 or 112. Dissolve it in a little water, filter if necessary, 
evaporate until there is only a small quantity of fluid left, 
and transfer one-half of this to a watch-glass, leaving the 
other half in the porcelain dish. 

1. To the one-half in the porcelain dish add, after cool- 118 
ing, a few drops of Pt Cl, If a yellow crystalline pre- 
cipitate forms immediately, or after some time, PporassIUM 
is present. Should no precipitate form, evaporate to dry- 
ness at a gentle heat,and treat the residue with a very 
small quantity of water, or, if chlorides alone are present, 
with a mixture of water and alcohol, when the presence of 
minute traces of K will be revealed by a small quantity 
of a heavy yellow powder being left undissolved (§ 89, 3). 
In the presence of an iodide the deep brown color of the 
fluid interferes with the detection of K by Pt Cl,; under 
these circumstances test with acd sodium tartrate. 

_ 2. To the other half of the fluid (in the watch-glass) add 114 
some potassium pyroantimonate. if this produces at once 

or after some time a crystalline precipitate, soprum is pres- 

ent. If, after standing twelve hours, no crystals separate, 

you may conclude that Na is absent. In regard to the 
crystalline form of the precipitate, and the precautionary 
rules, see § 90,2. [The alkali metals may also be tested 

for by Smith’s method (p. 101). The flame-tests and spec- 
troscope, with due precautions, likewise give speedy and 
certain results. | 


§ 191. 


(Examination for Aminonium.) 


_ ‘THERE REMAINS STILL THE EXAMINATION FOR AMMONTUM. 115 
_ Triturate some of the substance with an excess of Ca (O H), 
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and, if necessary, a little water. If the escaping gas smells 
of ammonia, if it blnes moist red litmus-paper, and forms 
white fumes with HCl vapors, brought into contact with 
it by means of a glass rod, Ammonium is present. The re- 
action is the most sensitive if the trituration is made in a 
small beaker, and the latter covered with a glass plate 
with a slip of moist turmeric or red litmus-paper adhering 
to the under-side. 3 | 


A, 1. Suspsrances soLUBLE IN WATER. 
7 DETECTION OF ACIDS. 2 
[=e Consult also the Notes in the Third Section, p. 371. 
I. In the Absence of Organic Acids. 
§ 192. 


Consider, in the first place, which are the acids that form 
with the bases found compounds soluble in water, and 
let this guide you in the examination. To students the 
table given in Appendix IV. will prove of considerable as- 
sistance (see also 80). The following plan of examination 
works best when the acids are combined exclusively with 
alkali or alkali-earth metals, it is therefore sometimes ad- 
visable to precipitate any heavy metals present by H, 8 or 
(N H,), S before proceeding. The sdlshides should be fil- 
tered off and the excess of ii, S removed by boiling, or of 
(N H,), 8 by acidifying with H Cl, boiling and filtering off 
the sulphur. It must not be forgotten that sulphur, hy- 
drochloric acid, chromic acid, and ¢hloric acid cannot be 
looked for in this fluid, and also that the results of the 
testing for sulphuric and nitric acids will not be so trust- 
worthy. ' | 

In absence of sulphides and sulphur salts, most of the = 
acids (see § 145, 8) may also be obtained as sodium salts by = 
boiling,* in a platinum dish, the original solution, with a 
moderate excess of Na, CO, and filtering from the precipi- 
tate. <A portion of the filtrate should be heated to boiling, 
and very slightly acidified with H N O, for treatment ac- 
cording to 116, 2. To be sure that all Na,CO, is decom- 
posed, see that litmus-paper, which has been reddened by 
the liquid, remains red when dried. , 

1. Tue AciDs OF ARSENIC, CARBONIC ACID, SULPHUR com- 116 


* In all cases until no more CO, escapes, and if NH, salts are prese a 
antil NH; ceases to be given off from the liquid, kept'alkaline. == * ~~ 
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bined with metals or hydrogen, cuRomic -AcrD, and sILiciv 
Act will have been usually detected in the examination 
for metals, see 20 and 35.* Chromic acid is alse easily 
recognized by the yellow or reddish-yellow color of the 
solution. If in doubt, test for it with Pb (C, H, O,), and 
C, H, O, (§ 138, 8) or—for very minute quantities—with 
decoction of logwood (§ 138, 12). 

2. Add toa portion of the solution Ba Cl,, or, if lead, sil- 
ver, or mercurous salts are present, Ba (N O,),, and should 
the reaction of the fluid be acid, add N H, OH to neutral 
or slightly alkaline reaction. 

: a. No PRECIPITATE IS FORMED: absence of sulphuric, 117 
phosphoric, chromic, silicic, oxalic, arsenious, and ar- 
senic acids, as well as of notable quantities of boric 
and hydrofluoric acids.t Pass on to 119. 

b. A PRECIPITATE Is FORMED. Dilute the fluid, and 118 
add H Cl or, as the case may be, H N O,; if the pre- 
cipitate does not redissolve, or at least not completely, 
SULPHURIC ACID is present. 

38. Add Ag N O, toa portion of the solution: If this 119 
fails to produce a precipitate, test the reaction, and if acid, 
add tothe fluid some dilute N H, OH, taking care to add 
the reagent so cautiously that the two fluids do not inter- 
mix; if the reaction is alkaline, on the other hand, add 
with the same care some dilute H N O,; and watch atten- 
tively whether a precipitate or a cloud will form at the 
junction of the two fluids. 

a. NO PRECIPITATE IS FORMED AT THE JUNCTION OF THE 120 
TWO FLUIDS, EITHER IMMEDIATELY OR AFTER SOME TIME. 
Pass on to 125; there is neither chlorine, bromine, 
iodine, cyanogen,{ ferro- and ferricyanogen, nor sul- 
phur present ; nor phosphoric, arsenic, arsenious, chro- 
mic, silicic, oxalic acids, nor boric acid, if the solution 
was not too dilute. : 

6. A PRECIPITATE IS FORMED. Observe the color § of 121 
it, then add HN O,, and shake the mixture. ~ 


* ARSENIOUS ACID and ARSENIC ACID are distinguished from each other 
by their reaction with Ag N Os, or with Na OH, and CuSO; (see § 134, 9). 

CARBONIC ACID and SULPHUR in combination with metals betray their 

_ presence by effervescing upon the addition of HCl; the escaping gases may 
be distinguished from one another by the smell. The presence of carbonic 
acid may be confirmed by lime-water (see § 149), and that of hydrosulphuric 
acid by lead acetate (§ 156).. Free carbonic acid and free hydrosulphuric acid 

_ in aqueous solution may be detected by the same reagents. 

+ If the solution contains an ammonium salt in somewhat considerable pro- 
portion, the non-formation of a precipitate cannot be considered a conclusive 
proof of the absence of these acids, since the barium salts of most of them 
(not the sulphate) are in presence of ammonium salts more or less soluble in 
water. ; 

¢ That the cyanogen in mercuric cyanide is not indicated by Ag N O; has 
peen mentioned (73). 
_ § Chloride, bromide, cyanide, ferrocyanide, oxalate, silicate and borate of 
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a. The precipitate dissolves completely : absence 
of chlorine, bromine, iodine, cyanogen, ferro- and 
ferricyanogen, and also of sulphur. Pass on to 125, 
B. A residue is left: chlorine, bromine, iodine, 122 
cyanogen, ferro- or ferricyanogen may be present ; 
and if the residue is black or blackish, nypRosvr- 
PuvkIG Acip or a soluble Meratiic sutpHIpE. The 
presence of sulphur may, if necessary, be readily 
confirmed, by mixing another portion of the solu- 
tion with Cu S O,, or with asolution of Pb (O HT), in 
NaO H. 
aa. Test another portion of the fluid for roprxz 
and subsequently for BRomINE, by the methods 
describe | in § 157. 
bb. Test a small portion of the fluid with 123 
Fe, Cl, for rerrocyanocen; and, if the color of 
the silver precipitate leads you to suspect the 
presence of FERRICYANOGEN, test another portion 
for this latter substance with Fe S O, (freshly pre- 
pared, by warming iron wire with dilute H,8 O,). 
If the original solution has an alkaline reaction, 
some H Cl must be added before the addition of 
the ferric or ferrous salt. 
cc. OyAnoGEN, if present in form of a simple 
cyanide of an alkali inetal soluble in water, ma 
usually be readily recognized by the smell of hy- 
drocyanic acid which the substance emits, and 
which is rendered more strongly perceptible by 
addition of a little dilute H,S O,. Lf ferrocyano- 
gen and ferricyanogen are absent, cyanogen may 
be detected by the method given in § 155, 6. If 
they are present see § 219. 
dd. Should bromine, iodine, cyanogen, ferrocy- 124 
anogen, ferricyanogen, and sulphur not be pres- q 
ent, the precipitate which nitric acid has failed 
to dissolve consists of silver CHLORIDE. 
But where one or other of these bodies is pres- 
ent, a special examination for chlorine may be- 
come necessary, particularly when the quantity 
of the precipitate does not afford a decided indi- 
-cation.* See § 157. 
4, Cuioric acip is known by the yellow color produced 125 — 


silver are white; iodide, orthophosphate and arsenite of silver are yellow; ar- 
senate and ferricyanide of silver are brownish-red; silver chromate is pur 
ple-red ; silver sulphide, black. 
* Supposing, for instance, Ag N O; to have produced a copious precipitate — 
insoluble in nitric acid, and the subsequent examination to have shown mere — 
traces of I and Br, the presence of C] may be held to be demonstrated, with: — 
out requiring additional proof. a 
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when a little of the solid substance is brought into contact 
with concentrated H, 8 O, (§ 160). 

5. Nrrric acim is tested for with FeSO, and H,S O, 
(§ 159). The presence of certain other acids (chlorie, chro- 
mic, hydriodic) impedes this reaction. If such acids are 
present they must be destroyed or removed. Chloric acid 
is destroyed by ignition (§ 161, at the end), chromic acid 
is reduced by sulphurous acid, chromic hydroxide being 
precipitated afterwards with ammonia; hydriodi¢ acid is 
removed by silver sulphate. 

You have still to test for phosphoric acid, boric acid, 
silicic acid and oxalic acid, as+well as for hydrofluoric 
acid. 

For the first four acids test only in cases where both 
Ba Cl, and Ag N O, have produced precipitates in nentral 
solutions. Compare also foot-note to 117, 

6. Test for pHospuoric acip, by adding to a portion of 126 
the fluid N H,O H in excess, then N H,Cl and MgSO, 

mixture (§ 142, 7). Very minute quantities of phosphoric 
acid are detected most readily by means of molybdie solu- 
tion (§ 142, 10). Arsenic acid, if present, must be first 
separated by H,S, the-solution being acidified and kept at 
70° during the passage of the gas. 

7. To detect oxaLic actp and HYDROFLUORIC AcrD, add 
Ca Cl, to a fresh portion of the solution. If the reaction 
of the fluid is acid, add ammonia to alkaline reaction. If 
the Ca Cl, produces a precipitate which is not redissolved 
by addition of acetic acid, one or both bodies are present. 
Examine now a sample of the original substance for flu- 
orine according to § 146, 5, another sample for oxalic acid 
according to § 145, 7. 

8. Acidulate a portion of the fluid slightly with H Cl, 127 
then test for Boric actp, by means of turmeric paper 
(§ 144, 7). Chloric, chromic, and hydriodic acids impede 
the reaction. If present, they must be removed or de- 
stroyed as directed 125, 

9. Should stricto aciy not yet have been found in the 
course of testing for the bases, acidulate a portion of the 
fluid with HCl, evaporate to dryness, and treat the residue 
with H Cl (§ 150, 2). 


A, 1. Sussrances sotusLE In WATER, 

| DETECTION OF ACIDS. 

II. Jn Presence of Organic Acids. 
§ 193. 


1. The examination for the mnorcanic acws, including 128 
oxalic acid, is made as described § 192. As the tartrates 
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and citrates of barium and silver are insoluble, or difficultly 
soluble in water, tartaric acid and citric acid can be present. 
only in cases where both Ba Cl, and Ag N O, have produced 
precipitates in the neutral fluid ; ; still bear in mind that 
these salts are slightly soluble in solutions of ammonium 
salts. 

Before testing for the oR@ANIC ActIps, remove Groups 
ITL.—VL., as follows:—Where the metal belongs to Group 
V. or Group VI. the removal is effected by H, “S, where 3 
belongs to Group IV. by (N H,), 8. After filterin 
the sulphides, aud removing the excess of (N- TL by 
acidifying with H Cl, heating, and filtering off the §, se) 
ceed to 129, Where the metal is aluminium or chromium, 
try first to precipitate these substances by boiling with 
Na, CO;; should this fail, as it will where the acid is non- 
volatile, precipitate the latter in a fresh portion of the solu- 
tion with normal lead acetate, wash the precipitate, diffuse 
it through water, pass H,8, filter off the by S, and treat the 
filtrate as directed 129. To separate acetic or formic acid 
from metals which lie in the way of the detection, yon 
may also distil the salt with dilute H, S$ O,. 

9, Make a portion of the fluid feebly alkaline with 129 
ammonia, add some N H, Cl, then a sufficient quantity of 
Ca Cl,, shake vigorously, and let fhe: mixture stand from 
ten to twenty minutes. 

a. No PRECIPITATE IS FORMED, EVEN AFTER THE 
LAPSE OF SOME TIME. Absence of tartaric acid; pass 
on to 180, ; 

b. A PRECIPITATE IS FORMED, IMMEDIATELY, OR AFTER 
soME TIME. Filter, and keep, the filtrate for further 
examination according to 180, Wash the precipitate, 
digest and shake it with solution of NaO H, without q 
applying heat, then dilute with a little water, filter, 
and boil the filtrate some time. Ifa precipitate sepa- 
rates, TARTARIC ACID is indicated. Filter hot, and test 
He precipitate with ammonia and Ag NO, (§ 163, 


) 7 

3. Mix the fluid in which Ca Cl, has failed to produce a 130° 3 

precipitate, or that which has been filtered from the preci- 

pitate formed—in which latter case some more CaCl, isto 

y»e added—with 3 measures of alcohol. @ 

a. No preciprrate 1s ForMED. Absence of citric, 181 _ 

malic, and succinic acids. Pass on to 184, 4 

b. A PRECIPITATE Is FoRMED. Filter and treat the 1382 4 
ae as directed 184, Treat the precipitate as fol- 

ows: 

Wash with alcohol, dissolve on the filter in a little 
dilute HCl, add ammonia to the filtrate to alkaline re. 
action, and 'bo' 1 for some time. : a 
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e, Ir REMAINS coLEAR. Absence of citric acid. 
Add more alcohol, filter off the precipitate, which 
may contain malate and succinate of calcium, wash 
it a little with alcohol, dissolve in a porcelain dish, 
in a sufficient quantity of strong HN O;, and eva- 
porate to dryness on the water-bath. Suecinic acid 
will remain unchanged, malic acid is converted into ; 
oxalic acid with evolution of CO,. Boil the residue ; 
with excess of solution of Na, C O,, filter, neutralize 
exactly with HCl, heat to remove CO,, and mix a 
small portion of the fluid with solution of CaSO, 
If a white precipitate is formed of CaC;O,, matic 
Acip is indicated. If malic acid is indicated pre- 
pare some more of the calcic precipitate, and con- 
firm by testing it according to § 166; also test for 
succinic acid by mixing the rest of the fluid with 
excess of Ca Cl,, filtering, and adding alcohol to the 
filtrate ; a precipitate indicates succinic acm. If 
malic acid has not been found, test the rest of the 
neutralized fluid for succimsic acim with Fe, Cl, 
(§ 168). 
6. A HEAVY WHITE PRECIPITATEIS FORMED. Presence 188 
of crrrtc acrp. Filter boiling, and test the filtrate 
for malic and succinic acids asin « To remove all 
doubt whether the precipitate is calcium citrate, re- 
dissolve it in HCl, heat, supersaturate again with 
N H,O48, and boil; the precipitate will now be 
thrown down again. (Compare § 164, 3. 
4, Heat the filtrate of 182, or the fluid in which addi- 184 
tion of alcohol has failed to produce a precipitate (181), 
to expel the alcohol, neutralize exactly with H Cl, and add 
Fe, Cl,. If this fails to produce a light-brown flocculent 
precipitate, benzoic acid is absent. Ifa precipitate of the 
Kind is formed, filter, and heat the washed precipitate with 
ammonia in excess; filter, evaporate the filtrate nearly to 
dryness, and test for BENzorc actp with HCl (§ 169, 2). 
 Benzoic acid may generally be readily detected in the ori- 
ginal substance, by treating asmali portion with dilute H Cl, 
which will leave the benzoic acid undissolved; it is then 
filtered off and heated on platinum foil (§ 169, 1). . 
_ 5. Evaporate a portion of the solution to dryness—if 185 
acid, after previous saturation with soda—introduce the 
residue or a portion of the original dry substance into a 
_test-tube, pour some alcohol over it, add about an equal 
volume of concentrated H, S$ O,, and heat to boiling. Evo- 
lution of the odor of acetic ether demonstrates the presence 
of acrrtc actp. The odor is rendered more distinctly per- 
ceptible by shaking the cooling or cold mixture. 
_ 6. Test for rormic acm by just acidifying a portion with 186 . 
ri 
S 20 
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H Cl (if not acid already), adding Hg Cl, and heating. A 
white turbidity from the separation of Hg, Cl, indicates 
formic acid (§ 172,6) Confirm by Ag N O,, and by 
Hg, (N O,),.. (§ 172).* 


A, 2. SunsraNces INSOLUBLE IN WATER, BUT SOLUBLE IN 
Hiyprocutorio Aci, Nirric Acrp, or Nirro-nypro- 
cuLorio Acrp. 


DETECTION OF THE ACIDS. 


I. In Absence of Organic Acids. 
§ 194. 


In the examination of these compounds attention must 
be directed to all inorganic¢ acids, with the exception of 
chloric acid. Cyanogen compounds and silicates are not 
examined by this method. (Compare § 197 and § 198.) 

1. CarBontc AcID, SULPHUR (in the form of metallic sul- 187 
phides), ARSENIOUS ACID, ARSENIO ACID, and CHROMIC AcrID, if 
present, have been found already in the examination for 
bases; nirric Acw, if present, has been detected in the 
preliminary examination, by the ignition in a glass 
tube (8). 

2. Mix a sample of the substance with 4 parts of pure 1388 
Na, C O,, and, should a metallic sulphide be present, add 
some Na N O,; fuse the mixture in a platinum crucible if 
there are no reducible metallic compounds present, in a por- 
celain crucible if such compounds are present; boil the 
fused mass with water, and add a little H N O,, leaving the 
reaction of the fluid; however, still alkaline; heat again, 
filter, and proceed with the filtrate according to § 192. z 

3. As the phosphates of the alkali-earth metals are only 189 
incompletely decomposed by fusion with Na, C O,, it is ; 
always advisable in cases where alkaline earths are pres- 
ent, and phosphoric¢ acid has not yet been detected, to dis- 
solve a fresh sample of the substance in H N O,, and test 
for PHOSPHORIC AcID with molybdie solution (§ 142, 10). In 
the presence of silicic or arsenic acid, prepare a solution 


* In the presence of chromic or chloric acid the reduction of the silver and 
mercury does not take place. If chromic acid is present, mix the origin 
solution with sulphuric acid, add excess of lead oxide and shake, filter, mix 
the filtrate with excess of dilute sulphuric acid, and distil. Test the distil- 
late as above. If chloric acid is present, saturate the acids with lead oxide, 
and treat with alcohol; the formate is insoluble, the chlorate soluble. If 
tartaric acid is present it will also be safer to mix the fluid with dilute H,SO, 
and distil off the formic acid. all 

+ In the presence of a metallic sulphide, a separate portion of it must be 
examined for sulphuric acid, by heatirg it with HCl, filtering, diluting the 
filtrate, and adding B.Cl.. 
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with HCl, separate these acids, add HNO,, evaporate 
nearly to dryness, dilute with water containing H N O,, and 
then test with molybdic solution. 

4. If in the examination for bases, alkali-earth metals 
have been found, it is also advisable to test a separate por- 
tion for rLuortNE, by §146, 5. 

5. That portion of the substance which has been treated 140 
as directed in 138; can be tested for stticic acm only in 
cases where the fusion has been effected in a platinum 
crucible; when a porcelain crucible has been used, ex- 
amine a separate portion by evaporating the H. Ol or H N O, 
solution (§ 150, 3). . . 

6. Examine a separate portion of the substance for ox- 
Aico ActD by boiling with Na, C O,, see 142, Acidify the 
alkaline filtrate with acetic acid and test with solution of 
CaSO, Ifa pulverulent precipitate is formed, this indi- 
cates oxalic acid. Confirm by taking a fresh portion of the 
substance, removing CO, if necessary by dilute H,S O,, 
and then testing according to § 145, 7. 


A, 2. SussraANcEs INSOLUBLE IN WATER, BUT SOLUBLE IN 
Hypxocutorico Aci, Nrrric Aci, or Nirro-nypRo- 
CHLoRIC ACID. 


DETECTION OF THE ACIDS. 
: Il. In Presence of Organic Acids. 
§ 195, 


1. Conduct the examination for rvorGAntc acrps accord- 14] » 
ing to § 194. ; 
2. Test for acrric Aci as directed, § 171, 7. 
3. To a small portion of the substance in a watch-glass 
add a little dilute H Cl. Ifa residue remains, this should 
be tested for BeNzo1c actp by heating. Any considerable 
_ quantity of this acid is most readily detected in this way, 
_ but a small quantity might completely dissolve; it is there- 
_ fore necessary to recur to this acid in 142, 
4, Boil a portion of the substance for a few minutes 142 
_ with a large excess of solution of Na, C O,, adding some of 
the solid, if the solution is not strong, and filter. You will — 
_ now have all the organic acids in the filtrate as sodium 
_ salts, Evaporate the filtrate to concentrate it, acidify 
_with H Cl, heat to drive off C O, and proceed according to 
129, If any heavy metals have passed into solution 
_ throngh the agency of organic acids, these must first be re- 
- moved by HS or (N H,), 8. 
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B. SupsraANCEs INSOLUBLE OR SPARINGLY SOLUBLE IN WATER, 
Hyprocutorio Acrp, Nrrrio Acip, anp Nrrro-yypro- 
cHLoRIC AcID. 


DE!ECTION OF THE BASES, ACIDS, AND NON-METALLIC ELEMENTS, * 


8 196. | 
[S Compare the Notes in the Third Section, p 381. 


To this class belong the following bodies. 143 

BartuM SULPHATE, STRONTIUM SULPHATE, and CALCIUM SUL- 
PHATE.* 

LEAD suLPHATE t and LEAD CHLORIDE.t 

SILvEeR CHLORIDE, silver bromide, silver iodide, silver cy- 
anide,§ silver ferro- and ferricyanide.| 

SILICIO OXIDE, SiLIcic AcrD, and many SILICATES. 

Native and ignited atumrna, and many aluminates. 

Ignited chromic oxide and cnRomio ron (a compound of 
chromic oxide and ferrous oxide). 

Ignited and native stannic oxide (tin-stone). 

Some metaphosphates and some arsenates. 

CaLcIuM FLUORIDE and a few other compounds of fluo- 
rme. 

SULPHUR. 

CARBONACEOUS MATTER. 

Of these compounds those printed in small capitals are 
more frequently met with. To the silicates a special chap- 
ter (§§ 198-201) is devoted. 

The substance is in the first place subjected to the pre- 
‘liminary experiments decceied: below in a—e, unless the 
quantity at disposal is too small, when you at once pass 
on to 149, bearing in mind, however, that the substance 
may contain ail the aforesaid bodies. 

a. Examine attentively the physical condition of the res-144 
idue to ascertain whether it is homogeneous or not, whe- 4 
ther itis sandy or pulverulent, whether it has the same 
color throughout, or is made up of variously-colored parti- 


* Calcium sulphate passes partially into the solution effected by water, and — 
often completely into that effected by acids. 3 
I Lead sulphate may pass completely into the solution effected by acids. 
Lead chloride can here only be found if the precipitate insoluble in acids _ 
has not been thoroughly washed with hot water. Bc. 
§ Bromide, iodide, and cyanide of silver are decomposed by boiling with — 
nitro-hydrochloric acid, and converted into silyer chloride; they can accord- — 
ingly be found here only in cases where the operator has to deal with a sub- — 
stance which—as nitro-hydrochloric acid has failed to effect its solution—is 
examined directly by the method described here, a 
| With regard to the examination of these compounds, compare also § 197. — 


A 
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cles, &c. A microscope, or at least a lens, will be often 
found needful for this purpose. 

b. Heat a small sample in a glass tube sealed at one end. 145 
If brown fumes arise, and sutpHuR sublimes, this is of 
course a proof of the presence of that substance. 

c. If the substance is black, this indicates, in most cases, 146 
the presence of CARBONACEOUS MATTER (charcoal, coal, bone- 
black, lamp-black, graphite, &c.). Heat a small sample 
on platinum foil over the blowpipe flame; if the black sub- 
stance is consumed, it consisted of carBon in some shape 
or other. Graphite (which may be readily recognized by 
its property of communicating its color to the fingers, to 
paper, &c.) requires the aid of oxygen for its combustion. 

d. Weat asmall sample, with a smalllump of KC N and 147 
some water, for some time, filter, and test the filtrate with 
(N H,), 8. A brownish-black precipitate indicates sttver. 148 

é. If an undissolved residue has been left in d, wash 
this thoroughly with water, and if white, moisten it with 
(N H,),S; if it turns black, Leap salts are present. If, 
however, the residue left in d is black, heat it with some 
ammonium acetate, adding a few drops of acetic acid, fil- 
ee test the filtrate for Leap, by means of H, S O, and 

% ; 

78. 

The results obtained by these preliminary experiments 
serve as a guide in the following course : 

1. a. LEAD SALTS ARE NoT PRESENT. Passonto150. 149 
b. Lap sALTs ARE PRESENT. Heat the substance re- 
peatedly with a concentrated solution of ammonium 
acetate until the lead salt is completely dissolved out. 
Test a portion of the filtrate for cutormNeE, another for 
SULPHURIC AcrD, and the remainder for Leap, the last 
by addition of H,S O, in excess, and by H,S. If 
aminonium acetate has left a residue, wash this, and 
treat it as directed 150, ; 

2. a. SILVER SALTS ARE NOT PRESENT. Passonto151. 150 
6. SILVER SALTS ARE PRESENT. Digest the substance 
free from lead repeatedly with K CN and water, at a 
gentle heat (in presence of sulphur, in the cold), until 
all the silver salt is removed. If a restdue is left, wash 
this, and proceed with it according to151, Of the 
Jiltrate, which contains K OC N, mix the larger portion 
with (N H,),S to precipitate the silver. Wash the pre- 
cipitated Ag,S, then dissolve in HN O,, dilute the 
solution and add IH Cl, to ascertain whether the pre- 
cipitate really consisted of Ag, 8. Test another small 
portion of the filtrate for supuurtc acip.t 


_~ ™ The presence of lead in silicates, ¢.g., in glass, cannot be detected by 


‘ 


vi 


4 


: 


this method. 
+ As the K, CO; contained in the K C N may have produced a total ox 
partial decomposition of sulphates of the alkali-earth metals. 
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3, a. SULPHUR Is Nor PpresENT. Pass on to 152, 151 
6. Sutpuur is presenr. Heat. the substance free 
from silver and lead in a covered porcelain crucible 
until all the sulphur is expelled, aud-if a residue is 
left, treat this according to 152, 

4, Mix the substance free from silver, lead, and sulphur 152 
with 4 parts of Na, CO,, and 1 part of K N O,,* heat ina 
platinum crucible until. the mass is in a state of calm fu- 
sion, place the red-hot crucible on a thick cold iron plate . 
to cool. You will thus generally succeed in removing the  —- 
fused mass from the critcible in a cake. Soak the mass 
now in water, boil, filter, and wash the residue until Ba Cl, 
no longer produces a precipitate in the washings. (Add 
only the first washings to the filtrate.) 

a. The solution so obtained contains the acids153 
which were piesent in the substance decomposed by 
fusing. But it may, besides these acids, contain also 
such bases as are soluble in caustic alkalies. Proceed 
as follows: 

a. Test a small portion for sutpuuRtc acm. 

8. Test another portion (after acidifying with 
Ii N O,) with molybdic solution for pHospHoRic ActD 
and ARsENIC acrp (§ 142, 10). If a yellow precipi- 
tate forms, test for arsenic acid with H, 8, and re- 
move it by the same means if present, separate sili- 
cic acid if present, and then test again for phos- 
phoric acid. 3 ; 

y. Test another portion for rtvoRINE (§ 146, 7). 

6. If the solution is yellow, curomic Act is pres- 
ent. To confirm, acidity a portion of the solution 
with acetic acid, and test with lead acetate. 

«. Acidify the remainder with HCl, evaporate 154 _ 
to dryness, and treat the residue with HCl and . 
water. If a residue is left which refuses to dis- 
solve even in boiling water, this consists of smto1c. 
acip. Test the H Cl solution now in the usual way 
for those bases which, being soluble in caustic alka- 
lies, may be present. 

b. Dissolve the residue left in 152 in H Cl (effer- 155 
vescence indicates the presence of alkali-earth metals— 
a residue insoluble in H Cl would have to be examined 
according to § 130, 8, as it might be srannic oxipp), 
aid test the solution for the bases as directed in 


* Addition of K N QO; is useful even in the case of white powders, as it 
counteracts the injurious action of lead silicate, should any be present, upon 
the platinum crucible. In the case of black powders the proportion of K N O3 
must be correspondingly increased, in order that carbon, if present, may be 
consumed as completely as possible, and that any chromic iron present may 
be more thoroughly decomposed. ‘ 
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§ 183. (If much silicic acid has been founa in 154, 
it is advisable to evaporate the solution of the residue 
to dryness, and to treat with H Cl and water, in order 
that the silicic acid remaining may also be removed 
as completely as possible.) 

5. If you have found in 4 that the residue insoluble in 156 
acids contains a silicate, treat a separate portion of it ac. | 
cording to 187, to ascertain whether this silicate contains 
alkalies. 

6. If a residue is still left undissolved upon treating the 157 
residue left in 152 with H Cl (155), this may consist either 
of silicic acid which has separated, or of an undecom- 
posed portion of barium sulphate; it may, however, also 
be calcium fluoride, and if it is dark colored, chromie iron, 
as the last-named two compounds are only with difficulty 
decomposed by the method given in (152.) As to calcium 
fluoride, it may be easily decomposed by Yt, SO,  Chro- 
mic iron is best treated as follows: Juse 12 parts of so- 
dium disulphate and project 1 part of the finely powdered 
mineral into the crucible, stir often and keep up the heat. 
for half an hour, first gently, then raising it till sulphuric 
oxide is no longer driven off. Add 6 parts of sodium car- 
bonate, fuse, add gradually 6 parts of potassium nitrate, 
and after some time increase the heat, stirring diligently 
with a platinum wire. Finally allow to cool and boil with 
water. 

7. If the residue insoluble in acids contained silver, you 158 
have still to ascertain whether that metal was present in 
the original substance as chloride, bromide, iodide, &e., or 
whether it has been converted into chloride by the treat- 
ment employed to effect the solution of the original sub- 
stance. Jor that purpose treat a portion of the original 
substance with boiling water until the soluble part is com- 
pletely removed; then treat the residuary portion in the 
same way with dilute 11 N O,, wash the undissolved resi- 
due with water, and test a sinall sample of it for silver ac- 
cording to 147, If silver is present, proceed to ascertain 
the acid radical with which the metal is combined; this 
may easily be effected by boiling the remainder of the res- 
idue with rather dilute solution of soda, filtering, and test- . 
ing the filtrate, after acidifying it, for ferro- and ferricy- 
anogen. Digest the washed residue now with finely gran- 
ulated zine and water, with addition of some H,$ O,, and 
filter after the lapse of ten minutes. You may now at 
once test the filtrate for chlorine, bromine, iodine, and cy- 
anogen; or you may first throw down the zine with 
Na, C O,, in order to obtain the acid radicals in combina 
tion with sodiuin. 
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SECTION II. 
PRACTICAL COURSE IN PARTICULAR CASES. 


I. Awatysis or Oyanipes, FErrocyanmpes, &c., INSOLUBLE 
IN WATER, AND ALSO OF MIXED SUBSTANCES CONTAINING 
sucH Comprounns. 


(Ss Compare the Notes in Section IIL, p. 381. 
: § 197. 


The analysis of ferrocyanides, ferricyanides, &c., by the 159 
common method is often attended by the manifestation of 
such anomalous reactions as easily to mislead the analyst. 
Moreover, acids often fail to effect the complete solution 
of these compounds. For these reasons it is advisable to 
analyze thein, and mixtures containing them, by the fol- 
lowing special method : 

1. Treat the substance with water until the soluble 
parts are entirely removed, and boil the residue with strong 
solution of Na OIL; after a few minutes’ ebullition add 
some Na, C O,, and boil again for some time ; filter, should 
a residue remain, and wash the latter. 

a. The residue, which is now free from cyanogen, 160 
unless the substance contains Ag CN, is examined 
by the usual method, beginning at 35, 

b. The solution, which, if combinations of com-161 
pound cyanogen radicals (ferrocyanogen, cobalticy- 
anogen, &c.), are present, contains these combined 
with alkali metals, may also contain other acids, 
which have been separated from their bases by boil- 
ing with Na, C O,, and lastly, also, such hydroxides as 
are soluble in caustic alkalies. Treat it as follows: 

«, Mix the alkaline fluid with H, S$ to test for 162 
metals of the fourth and fifth groups.* 

aa. No permanent precipitate is formed. Ab- 
sence of zine and lead. Pass on to 163, 

bb. A permanent precipitate is formed. Add 
to the fluid a little yellow sodium sulphide, drop 
by drop, until the metals of the fourth and fifth 
groups present in the alkaline solution are just 


* You must, of course, avoid adding solution of H, S, or conducting the 
gas into the fluid, until the mixture smells of the reagent. ¢.¢., until the 
NaOH has been converted into Na SH, since this might lead to the precipi- 
tation also of the alumina which may be present in the alkaline solution, and — 
even of sulphides of metals of the sixth group—a precipitation which is not — 
intended here. 
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thrown down, heat moderately, filter, and treat the 
filtrate as directed 163, Dissolve the washed pre- 
cipitate in H N O,, which may leave Hg S behind, 
and examine the solution for copper and lead, as 
well as for zine and other metals of the fourth 
group, which may, in the same way as copper, 
have passed into the alkaline solution, by the 
agency of organic matters. 

_ £ Totest thealkaline fluid, which now also contains 163 
some sulphide of an alkali metal, for mercury (which 
may be present, as its sulphide is soluble in sodium 
sulphide) and for metals of the sixth group, mix with 
a sufficient quantity of water, then with dilute 
HS O, to acid reaction, and if the fluid does not smell 
strongly of II, 8, add some more of the latter 
reagent. 

aa. No precipitate is formed. Absence of mer- 
nk and metals of the sixth group. Pass on to 

164, 

bb. A precipitate is formed. Filter, wash the 
precipitate, then examine it for mercury and the 

metals of the sixth group according to § 184. 

y. The fluid, acidified with I, S O,, may still con- 164 
tain those metals which form compound cyanogen ra- 
dicals (iron, cobalt, manganese, chromium), and, be- 
sides these, also aluminium. You have to test it 
also for cyanogen, ferrocyanogen, cobalticyanogen, 
&c., and for other acids. Divide it therefore into 
two parts, aa and bd. 

aa. Treat it according to § 192, or, as the case 
may be, § 193, to detect the acids.* (Cobalticyan- 
ogen may be recognized by giving a greenish pre- 
cipitate with Ni salts and white precipitates with — 
Zn and Mn salts, which may be proved to contain 
cobalt by means of the borax bead.) 
bb. Evaporate it nearly to dryness, add some 
pure concentrated H, 8 O, and heat till the free 
acid is for the most part expelled. Dissolve the 
residue in water, and test the solution for iron, 
sqgnanganese, cobalt, aluminium, and chromium, ac- 

~eording to § 187, . 

2. Decompo$e another portion by continued heating with 
pure concentrated H, S O,, remove all other bases and then 
test for alkali-metals. 


*It must be remembered that ferricyanogen may have been converted 
into ferrocyanogen thus :—K, Fe: (C N)is + 2(Fe Cl,) + 2(KO H) + H, Ox 
2 [K, Fe (CN) ol +Fe.03 + 4HCl. 
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II. Anarysis or SmLicATEs. 


8 198. 


Whether the substance is a silicate or contains one, is 168 
ascertained by the preliminary blowpipe examination with 
NaPO,; since in the process of fusion the bases dissolve, 
whilst the separated silicic oxide floats about in the liquid 
bead as a translucent swollen mass (§ 150, 8). 

The analysis of silicates differs from the usual course in 
the preparatory treatment required to separate the silicic 
acid from the bases, and to obtain the latter in solution. 

The silicates are divided into two classes, which require 
different methods of anatysis; viz., (1) silicates readily de- 
composable by acids (I1 Cl, H N O,, H,S O,), and (2) sili- 
cates which are not, or only with difficulty, decomposed by 
acids. Many rocks consist of mixtures of the two classes. 

To ascertain to which class a given silicate belongs, re- 
duce it to a very fine powder, and digest a portion with 
HCl at a temperature near the boiling-pvint. If this fails to 
decompose it, try another portion by long-continued heat- 
ing with a mixture of three parts of concentrated H, 8 Q, 
and 1 part of water. If this also fails, the silicate belongs 
to the second class. Whether decomposition has been 
effected by the acid or not, may generally be learned from 
external indications, as a colored solution forms almost in- 
variably, and the separated gelatinous, flocculent, or finely- 
pulverulent silicic acid takes the place of the original 
heavy powder, which grated under the glass rod with which 
it was stirred. But whether the decomposition is complete, 
or extends only to one of the components of the rock, may q 
be ascertained by boiling the separated silicic acid, after — : 
washing, in a solution of Na,CO,. If perfect solution 
ensues, complete decomposition has been effected; if not 
the decomposition is only partial. The results of these ~ 
preliminary tests will show whether the silicate should 
be examined according to § 199, or § 200, or § 201. | 

Before proceeding further, examine a portion of the sub- 
stance also for water, by heating it in a glass tube. If the 
substance contains hygroscopic moisture,* it must first: be 
dried at 100° for a long time. Apply a gentle heat at first, 
but ultimately an intense heat; you may also conveniently 
combine with this a preliminary examination for jlworine 
(§ 146, 8). 


* [In some cases it is impossible to distinguish between constitutional and 
nada water; in other cases, combined water certainly escapes at 100°, 
—D. 8 i ee 
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A, SInIcATES DECOMPOSABLE By AcIDs. 
§ 199. 


a. Silicates decomposable by hydrochloric or nitric 
acid.* 


1. Digest the finely pulverized silicate with H Cl or IT NO, 166 
at a temperature near the boiling point, until complete de- 
composition is effected, filter off a small portion of the fluid, 
evaporate the remainder, together with the silicic acid sus- 
pended therein, to dryness, heat the residue at 100° (scarcely 
above), with constant stirring, until hardly any more ac.d 
fumes escape, allow to cool, moisten with HCl, or, as the 
case may be, with HN O,, afterwards add a little water, 
aud heat gently for some time. 

This operation effects the separation of the smrictc acip, 
and the solution of the bases in the form of chlorides or 
nitrates. J*ilter, wash the residue thoroughly, and examine 
the solution by the usual method, beginning at § 182, IL. or 
Ill. The residual silicic acid must always be tested, as it 
cannot under any circumstances be considered pure. It 
frequently contains Ti, occasionally Ba and possibly Sr as 
sulphates and often a litle Al. Itis best tested by repeated 
heating in a platinum dish with H F and H, $ O,, until all 
the silicic acid is removed in form of Si F,. The residue 
is ignited, fused with sodium disulphate, and then treated 
with cold water. If anything insoluble now remains, it is 
filtered off and tested according to § 99 for Barium and 
STRONTIUM suLPHATES. The dilute aqueous solution is 
tested by long boiling for rrranium + (§ 104, 9), and the 
filtrate therefrom is tested by NH,OH for atummtem. 
(Should there be any chance of the presence of Ag Cl in 
the silicic acid, digest a portion with N H, O H, filter, and 
examine the filtrate by supersaturation with IL N O,.) 

2. As in silicates, and more particularly in those decom- 167 


* HN O; is preferable to H Cl where Ag or Pb compounds are present. 

+ If the silicic acid has been separated by evaporation on the water-bath, 
only a small part of the titanic acid will be found remaining with it, the rest 
will pass into the H Cl! solution, and will be precipitated by NH, OH in con- 
junction with Fe and Al. To find this, fuse the dried precipitate with sodium 
disulphate, dissolve the fusion in cold water, filter if necessary, dilute consid- 
erably, pass H. S until all iron is reduced to the ferrous state, and (without fil- 


tering off the S) keep the fluid boiling for half an hour with a constant cur- 


rent of C O, passing through it. Filter, wash, andignite; the S will burn off, 
titanic oxide will remain. Should it still contain Fe, redissolve it by fusion 
with sodium disulphate and treatment with cold water, and precipitate hy 


boiling with sodium thiosulphate. 
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posed by H Cl, there are often found other acids, as well 
as metalloids, the following instructions must be attended 


to, tnat none of these substances may be overlooked :— 
a. CARBONATES are detected in treating with H 


cls 


Sutrpuipes are often detected in the same oper- 
ation, otherwise they may be tested for according to 


§ 156, 8. 


8. If the separated silicic acid is black, and turns 
white upon ignition in the air, this indicates the pres- 


ence of CARBON or of ORGANIC suBsTANcES. In p 


res- 


ence of the latter, the silicates emit an empyreumatic 


odor upon being heated in the glass tube. 


y. Test the portion of the H Cl solution filtered off 
before -evaporating, for SULPHURIC ACID, PHOSPHORIO 
AcipD and ARsENIC AcID—for sulphuric acid by diluting ' 
and adding BaCl,; for arsenic acid by heating the 
solution to 70° and conducting H, 8 into it; for phos- 
phoric acid by adding H N O,, evaporating to dryness 
on the water-bath, warming the residue with H N O,, 
filtering, and adding molybdic solution. Where arsenic 


is found, phosphoric acid is tested for in the fluid 
tered froin As, S,. 


5. Boric acip is best detected by fusing a portion 168 


fil- 


of the substance in a platinum spoon with Na, C O,, 


boiling the fused mass with water, and testing 
solution by § 144, 6. 


the 


e. With many silicates, boiling with water is sufti- 
cient to dissolve the cHLoripEs present, which may 
then be readily detected in the filtrate by Ag N O,; 
the safest way, however, is to dissolve the min- 
eral in dilute H NO,, and test the solution with 


Ag N O,. 
¢. F'tuormes, which often occur in silicates 
reater or smaller proportion, may be detected 
& 146, 6. 


in 
by 


b. Silicates which resist the action of hydrochloric acid, 


but are decomposed by concentrated sulphuric acid. 


Heat the finely pulverized mineral with a mixture of 169 


3 parts of concentrated pure H, § O, and 1 part of water 
(best in a platinum dish), finally drive off the greater por- 
tion of the acid, boil the residue with H Cl, dilute, filter, 
and treat the filtrate as directed § 183, and the residue, 
which, besides the separated silicic acid, may contain also 
sulphates of the alkali-earth metals, &c., as directed 


§ 199, 1. If you wish to examine silicates of this class 


for 


acids and acid radicals, treat a separate portion of the sub- 


stance according to § 200. 
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B. Sizicates WHICH ARE NOT DECOMPOSED By AcrDs.* 
§ 200. 


As the silicates of this class are most conveniently de-17€ 
composed by fusion with Na, CO,, the portion so treated 
cannot, of course, be examined for alkali-metals. The 
analytical process is therefore divided into two principal 
parts, a portion of the mineral being examined for the 
silicic acid and the bases, with the exception of the alkalies, 
whilst another portion is specially examined for the latter. 
The mineral must also be examined for other acids. 


1. Detection of the silicic acid and the bases, with the ex- 
ception of the alkalies. 

Reduce the mineral to a very fine powder, mix this with171 
4 parts of Na,CO,, and heat the mixture in a platinum 
crucible until the mass is in a state of calm fusion. Place 
the red-hot erncible on a thick cold iron plate, and let it 
cool there: this will generally enable you to remove the 
fused cake from the crucible, in which case break. the 
mass to canes and keep a portion for the examination for 
acids. Put the remainder, or, if the mass still adheres to 
the crucible, the latter with its contents into a porcelain dish, 
pour on water, add H Cl, and warm it until the mass is dis- 
solved, with the exception of the silicic acid. Evaporate to 
dryness, and treat the residue as directed, 166, 


2. Detection of the alkalies. 

To effect this the silicate must be decomposed by means 172 
of a substance free from alkalies. The following methods 
are the most suitable : 

[a DrcompositIoN BY MEANS OF CALCIUM CARBONATE 
AND AMMONIUM CHLORIDE. Mix 1 part of the pulverized 
substance with 6 parts of precipitated Ca C Os, and # part 
of pulverized N ir, Cl, place in a platinum erucible and 
heat to bright redness for 80 to 40 minutes. The cruci- 
ble, with its contents (which should be in a coherent, sin- 
tered, but not thoroughly fused condition), is placed in 
a beaker, covered with water and heated to near the 
boiling point for half an hour. The whole is then 
brought upon a filter, the filtrate, containing the alkali- 


* It will be understood, from what has been stated § 198, that these are 

not decomposed by heating with HCl and H.S 0, in open vessels; but by 
heating them, reduced to a fine powder, in a sealed glass tube, with a mixture 
of 3 parts of concentrated H, SO, and 1 part of water, or with H Cl to 200°— 
210°, most of them are decomposed, and may accordingly be analyzed also in 
this manner (AL. MITSCHERLICH). ; 
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metal and calcium hydroxides and calcium chloride, is 
treated with a little NH,OH and with (N H,),CO, 
in slight excess, and heated to boiling, filtered, and the 
filtrate evaporated to dryness and gently — to 
expel ammonium salts. The residue is dissolved in a 
little water, one or two drops of (N H,),C O,, and a 
drop of (N H,), C,O, added, the mixture is heated, 
filtered, the filtrate is evaporated to dryness, ignited, 
and the residual alkali-metal chlorides examined ac- 
cording to § 190. (J. L. Smith.)—Eprror. ] 

6. Decompostrion wirH A FLUORIDE. Mix the finely 173 
powdered substance with 5 parts of powdered fluorspar, 
and then (in a platinum erucible) with enough concen- 
trated 11,8 O, to make a thin paste, warm gently for 
some time (where the fumes will pass off in a good 
draught), and finally heat more strongly until the ex- 
cess of H,SO, is expelled. Boil the residue with 
water, add Ba Cl, cautiously as long as it produces a 
precipitate, then Ba (O H), to alkaline reaction, boil, 
filter, treat with (N H,),C O; and N H,O Has long as 
anything is precipitated, filter, evaporate, ignite, and 
proceed further as directed, § 190. 


3. Examination for fluorine, chlorine, boric acid, phos- 
phorie acid, arsenic acid, and sulphuric acid. 

Use for this purpose the portion of the fused mass re- 174 
served in 171, or, if necessary, fuse a separate portion of the 
finely pulverized substance with 4 parts of pure Na, CO, 
until the mass flows calmly; boil the fused mass with 
water, filter the solution, which contains all the flnorine as 
NaF, all the chlorine as Na Cl, all the boric acid as borate, 
all the sulphuric acid as sulphate, all the arsenic acid as 
arsenate, and at least part of the phosphori¢ acid as phos- 
phate of sodium, and treat as follows: 


a. Acidify a small portion with H N O,, and test for 
CHLORINE with Ag N O,. 

b. Test another portion for Borto acrp as directed 
§ 144, 6. 

c. To detect rLvormE, treat a third portion as di- 
rected § 146, 7. 

d. Acidify the remainder with H Cl and test a small 
portion with Ba Cl, for sutpuurtc act; heat the re-, 
mainder to 70°, and test with H,S for arsento acim. 
If no precipitate forms, evaporate the fluid, if a preci- 
park forms, the filtrate, with addition of H N O, to 

ryness, treat the residue with H N O, and water, and 
examine the solution for PHospHoRIC AcrD with mag- 
nesium mixture, or with molybdic solution (§ 142). 


a 
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C. SmicaATES WHICH ARE PARTIALLY DECOMPOSED By AcIDs, 
§ 201. 


Most rocks are mixtures of several silicates, of which 1'7E& 
some are often decomposable by acids, others not. If such 
substances were analyzed’ by the same method as the abso- 
lutely insoluble silicates, the analyst would indeed detect 
all the elements present, but the analysis would afford no 
satisfactory insight into the actual composition of the mine- 
ral. 

It is therefore advisable to examine separately those 
constituents which show a different deportment with acids. 
For this purpose digest the very finely pulverized substance 
for some time with H Cl at a gentle heat, filter off a small 
portion of the solution, evaporate the remainder with the 
residue to dryness, heat the residue at 100° (scarcely above), 
with stirring, until no more, or very little acid vapor is 
evolved, allow to cool, moisten with H Cl, heat gently with 
water, and filter. 
| The filtrate contains the bases of that part of the mixed 
mineral which has been decomposed by HCl; examine 
this as directed 166, Examine the portion first filtered off 
as directed 167, y. Test portions of the original substance 
for other acids as directed 167 « and 8 and 168, Boil the 
residue—which, besides the silicic acid separated from the 
decomposed portion of the silicate, contains that part of 
the mixed mineral which has resisted the action of H Cl— 
with an excess of solution of Na, C O,, filter hot, and wash, 
first with hot solution of Na,CO,, finally with boiling 
water. Treat the residuary undecomposed part of the 
mineral, thus freed from the admixed separated silicic acid, 
according to § 200. Acidify the alkaline filtrate with H Cl, 
evaporate to dryness, treat with H Cl and water, filter off 
the silicic acid, render the filtrate alkaline with ammonia, 
and warm; the precipitate thus formed (if any) is to be 
treated with the separated silicic acid according to 166, in 
order to detect titanic acid. In cases where it is of no in- 
terest to effect the separation of the silicic acid of the part 
decomposed by acids, you may omit the troublesome opera- 
tion with Na, C O;, and may proceed at once to the decom- 
position of the residue. 


III. Anatrysis or Narvrate WATERS. 
§ 202. | 


In the examination of natural waters the analytical pro- 176 
cess is simplified by the circumstance that we know from 
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experience what substances are usually present. Now, al- 
though a quantitative analysis alone can properly inform 
us of the true character of a water, since the differences be 
tween waters are principally caused by the different pro- 
portions of the constituents ; still a qualitative analysis may 
render very good service, especially if the analyst notes 
whether a reagent produces a faint or a distinctly marked 
turbidity, a slight or a copious precipitate; since these cir- 
cumstances will enable him to make an approximate esti- 
mate of the relative proportions of the constituents. 

I separate here the analysis of ordinary drinking waters 
from that of mineral waters, in which latter we may also 
include sea-water; for, although no well-defined line can 
be drawn between the two classes, still the analytical ex- 
amination of the former is necessarily by far the simpler, 
as the number of substances to be looked for is much more 
limited. 


A. Awnatysts or Porasire Waters (SpRING-WATER, 
_ We.i-warer, River-warer, &.) 


ie 
WEP yey: § 203. 


We know from experience that the substances fo be had 177 
regard to in the analysis of such waters are the following: 

a. Mrrats: Potassium, sodium, ammonium, calcium, 
magnesium, iron. 

b. Actos, &e.: Sulphuric acid, phosphoric acid, silicic 
acid, carbonic acid, nitric acid, nitrous acid, chlorine. 

¢. ORGANIC MATTER. 

d. MrcHANICALLY SUSPENDED suBSTANCES: Clay, &ce. 

Potable waters contain indeed also other constituents 
besides those enumerated here, as may be inferred from _ 
the origin and formation of springs, &c., and as has, more- 
over, been fully established by the results of analytical in- 
vestigations ;* but the quantity of such constituents is so 
trifling that they commonly escape detection, unless many 
pounds of the water are subjected to the analytical pro- 
cess. I therefore omit here the mode of their detection 
(see § 204). 

1. Boil 1,000 to 2,000 grm. of the carefully collected 178 


* CHATIN (Journ. de Pharm. et de Chim. (8), 27, 418) found iodine in all 
fresh-water plants, but not in land plants, a proof that the water of rivers, 
brooks, ponds, &c., contains traces, even though extremely minute, of metal- 
lic iodates or iodides. According to MARCHAND (Comp. Rend., 31, 495), all 
natural waters contain iodine, bromine, and lithium. VAN ANKUM has de- 
monstrated the presence of iodine in almost all the potable waters of Hol- 
land. And it may be affirmed with the same certainty that all, or at all eventa 
most, natural waters contain compounds of strontium, barium, fluorine, &c. 
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water in a porcelain dish to otie-half. (Glass vessess are 
to be avoided, as boiling water attacks them much more 
than porcelain.) This generally produces a precipitate. 
Pass the fluid through a perfectly clean filter (free from 
iron and lime), wash the precipitate well, after having re- 
moved the filtrate, then examine both as follows: 

a. Examination of the precipitate. 

The precipitate contains those constituents of the 179 
water which were only kept in solution through the 
agency of free carbonic acid, or, as the case may. be, 
in the form of bicarbonates, viz., calcium carbonate, 
magnesium carbonate, ferric hydroxide (which pre- 
cipitates upon boiling a solution containing ferrous 
bicarbonate), also ferric silicate, and in presence of 
phosphoric acid, ferric phosphate ; calcium phosphate ; 
also silicic acid, sometimes calcium sulphate (if that 
substance is present in large proportion) and’ clay 
which was mechanically suspended in the water. 

Dissolve the precipitate on the filter in the least 
possible quantity of dilute H Cl (effervescence indi- 
cates CARBONIC AOID), and treat separate portions of 
the solution as follows: 

a. Add KONS, or K,Fe(CN), drop by drop, 
to test for ron. i 

8. Boil, add NH,O 4, filter if necessary, mix 180 
the filtrate with excess of (N H,), C, O,, and let the 
mixture stand for some time ina warm place. A 
white precipitate indicates catcium (in the form of 
carbonate, or also in that of sulphate if sulphuric 
acid is detected in y). Filter, mix the filtrate again 
with N H,OH, add some Na, HP O, stir with a 
glass rod, and let the mixture stand for twelve 
hours. A white crystalline precipitate, which is 
often visible only on the sides of the vessel when 
the fluid is poured ont, indicates MaGNEsIUM (as car- 
bonate. 

y- Add Ba(Cl,, and let the mixture stand for 
twelve hours in a warm place. A precipitate in- 
dicates sutpHuric acip. If very small it is best 
seen by cautiously decanting the supernatant clear 
fluid and shaking the small remaining quantity 
about in the glass. | . 

5. Evaporate with addition of HNO, to dry- 181 
ness, treat the residue with H N O, and water, filter 
off any stLicto Actp, and test the filtrate for pHos- 
PHORIC ACID with molybdic solution (§ 142, 10), or 

~ with sodium acetate and Fe, Cl, (§ 142, 9). 
b. Examination of the filtrate. 
a. Mix a portion with a little H Cland Ba Cl,.182 


21 
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A white precipitate, which makes its appearance at 
once, or perhaps only after standing some time, in- 
dicates SULPHURIC ACID. . 

8. Mix a portion with HN O, and add Ag N O,. 
A white precipitate or turbidity indicates onLo- 
RINE. 

y. Test a portion for pHospHoRic AcrD, by evap- 
orating with H N O,, taking up with the same and 
proceeding asin 181, 

8. Evaporate a large portion until highly concen- 
trated, and test the reaction of the fluid. If it is 
alkaline, if a drop of the concentrated clear solution 
effervesces when mixed on a watch-glass with a 
drop of acid, and if calcium carbonate precipitates 
on the cautious addition of calcium chloride to the 
alkaline fluid, then CARBONATE OF AN ALKALI-METAL 
is present. Should this be the case, evaporate the 
fluid to perfect dryness, boil the residue with alco- 
hol, filter, evaporate the solution to dryness, dissolve 
the residue in a little water, and test the solution 
for nirrRtc ActD, as directed § 159, 7, 8 or 9.* 

e. Mix the remainder of the filtrate with N H Cl, 
N H,O8, and excess of (N H,), C, O,, and let the 
mixture stand some time. <A precipitate indicates 
catcium. Filter, and— 

aa. Test a small portion with NH,OH and 
Na, H P O, for maenestum. 

bb. Evaporate the remainder to dryness, ignite, 
remove the magnesium which may be present 

(112), and test for porasstum and soprum, accord- 

ing to § 190. 


2 Acidify a tolerably large portion of the filtered water 183 
with pure HCl, and evaporate nearly to dryness; divide 
the residue into two parts, a and 0. 


a. Test with Ca(O H), for ammonium (§ 91, 3).+ 

b. Evaporate to dryness, moisten the residue with 
H Cl, add water, warm, and filter if a residue remains. 
The residue may consist of smicic acip and, if the 
water has not been filtered quite clear, also of oLay; 
these two substances may be separated by boiling with 
solution of Na, OC O,. The residue is often dark-colored 
from the presence of organic substances; but it be- 
comes perfectly white upon ignition. 


* The nitric acid may often be found without trouble, by evaporating the 
water to a small residue, and testing this at once for it. 

+ In clear water ammonia may be tested for quite satisfactorily without 
i api either by means of Hg Cl, with K,C O; or by NESSLER’s test 
(§ 92). 
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3. Mix another portion of the water, freshly taken, with 184 
lime-water. If a precipitate is produced, FREE CARBONIC 
AOID Or BICARBONATES are present. If free carbonic acid is 
present, no a precipitate is obtained when a large 

ortion of the water is mixed with only asmall amount of 
ime-water, since in that case soluble calcium bicarbonate 
is formed. 

4. Test for nrrrovs acm,* by mixing a portion of the 185 
water with some K I and starch-paste (made of 1 part 
of the purest K I, 20 parts of starch, and 500 parts of water) 
and pure dilute H, S O,, and observe whether a blue color- 
ation makes its appearance, either at once or at least after 
a few minutes (§ 158, 1). The reagents should be tested 
by making a counter-experiment with pure water. 

5. OrGaANrO MATTER is detected by the blackening which 186 
oceurs when a portion of the water is evaporated to dry- 
ness and gently ignited. If this experiment is to give con- 
clusive results, the evaporation as well as the ignition must 
be conducted in a flask or retort. 

6. Ferm supsrances (decaying organic matter) are de- 
tected best by filling a bottle two-thirds with the water, 
covering it with the hand, shaking, and smelling. If the 
smell is of H,S, proceed as directed § 205, 38. Whether 
there are other smelling organic matters present besides, 
may be ascertained by adding a little Cu S O, to the water, 
before smelling it. 

7. If you wish to examine the MATTERS MECHANICALLY 187 
SUSPENDED in a water (in muddy river-water, for instance), 
fill a large glass bottle with the water, cork securely, and 
let it stand at rest for several days, until the suspended 
matter has subsided; remove now the clear fluid with the 
aid of a syphon, filter the remainder, and examine the sedi- 
‘ment remaining on the filter. As this sediment may con- 
sist of the finest dust of various minerals, treat it first with 
dilute H Cl, then examine the part insoluble in that men- 
struum as directed § 198. 

8. As LEAD may be present, arising from leaden pipes, 
treat a large quantity with H, 8, allow to stand for some 
time, and should a black precipitate form, examine this as 
directed § 186. To detect very minute traces of lead, 
acidify 6 or 8 litres of the water with acetic acid, add a 
little ammonium acetate, to prevent the lead precipitating 
as sulphate, evaporate to a small residue, filter, conduct 
ll, S into the filtrate, and examine a black precipitate 
which may form by § 186. 


* SCHONBEIN found this acid in rain and snow water. 
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B. Awnatysis or Minerat WATERS. 
§ 204. 


The analysis of mineral waters embraces a larger num- 188 
ber of constituents than that of potable water. The fol- 
lowing are the principal of the additional bodies to be 
looked for :— 

CxsIUM, RUBIDIUM, THALLIUM, LITHIUM, BARIUM, STRONTIUM, 
ALUMINIUM, MANGANESE, BROMINE, IODINE, FLUORINE, BORIC 
ACID, HYDROSULPHURIC AcrD (thiosulphuric or hyposulphu- 
rous acid),* ORENIO AcID and APooRENIC Acip (formic acid, 
propionic acid, &c., nitrogen gas, oxygen gas, methane).* 

The analyst has moreover to examine the muddy ochre- 
ous or hard sinter-deposits of the spring, or also the resi- 
due left upon the evaporation of very large quantities of 
water, for ARSENIC, ANTIMONY, COPPER, LEAD, COBALT, NICKEL, 
and other heavy metals. The greatest care is required in 
this examination, to ascertain whether these metals come 
really from the water, and do not perhaps proceed from 
pipes, stopeocks, &c. The absolute purity of the reagents 
employed in these delicate investigations must also be as- 
certained with the greatest care. ; 


1. EXAMINATION OF THE WATER. 


a. OPERATIONS AT THE SPRING. 
§ 205. 


1. Filter the water, if not perfectly clear, through 189 
washed filter paper, into large bottles with glass stoppers. 
- The sediment remaining on the filter, which possibly con- 
tains, besides the flocculent matter suspended in the water 
also those constituents which separate at once upon coming 
in contact with the air (ferric hydroxide and ferric phos- 
hate, silicate, and arsenate), is taken to the laboratory, to 
e examined afterwards according to § 207. 
2. The presence of FREE CARBONIC AcID is usually suffi- 190 
ciently evident to the eye. However, to convince your- 
self by positive reactions, test the water with fresh-pre- 
pared solution of litmus, and with lime-water. If carbonic 
acid is present, the former acquires a wine-red color; the 


* Respecting the constituents in brackets, I refer to the corresponding 
chapter in my Quantitative Analysis, as the detection of these matters gener- 
ally comprises also their quantitative estimation. 


i 
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latter produces turbidity, which must disappear again upon 
addition of the mineral water in excess. 

3. Free nypRosuLpHuRIC AciD is most readily detected 191 
by the smell. For this purpose half fill a bottle with the 
mineral water, cover with the hand, shake, and smell the 
bottle. In this way distinct traces of hydrosulphuric acid 
are often found which would escape detection by reagents. 
However, if you wish to have some visible reactions, fill 
a large white bottle with the water, add a few drops of 
solution of lead acetate in soda, place the bottle on a white 
surface, and look in at the top, to see whether the water 
acquires a brownish color or deposits a blackish precipi- 
tate ;—or half fill a large bottle with water, and close with 
a cork to which is attached a slip of paper previously satu- 
rated with solution of lead acetate and then moistened 
with ammonium carbonate; shake the bottle gently from 
time to time, and observe whether the paper acquires a 
brownish tint in the course of a few hours. If the addition 
of the lead acetate has produced a brown color, or precipi- 
tate, whilst the test with the paper gives no result, this in- 
dicates that the water contains an alkaline sulphide, but 
no free hydrosulphurie acid. 

4, Mix a wineglassful of the water with some tannic192 
acid, another wineglassful with some gallic acid. If the 
former imparts a red-violet, the latter a blue-violet color, 
FERROUS COMPOUNDS are present. Instead of the two acids, you 
may employ infusion of galls, which contains them both. 
The colorations make their a eerie only after some 
time, and increase in intensity from the top—where the 
air acts on the fluid—towards the bottom of the vessel. 

5. Test for nrrrous acid and FETID ORGANIC SUBSTANCES 198 
according to 185 and 186, If the water contains hydro- 
sulphuric acid, remove it before testing for nitrous acid by 
very cautious addition of silver sulphate (no silver salt 
must under any circumstances remain in the solution). 


5. OPERATIONS IN THE LABORATORY. 
§ 206. 


As it is always desirable to obtain, even,in the qualitative 
examination, some information as to the proportions in 
which the several constituents are present, it is advisable to 
analyze a comparatively small portion for the principal 
constituents, and to ascertain, as far as may be practicable, 

the relative proportions in which these constituents exist, 
_ and thus to determine the character of the water; then to 
examine a far larger portion for the constituents which are 
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present in smal. quantity; and finally a very large portion 
of the sinter for those constituents which are present merely 
in traces. For this purpose proceed as follows :— 


1. EXAMINATION FOR THOSE CONSTITUENTS WHICH ARE 
“a PRESENT IN LARGE QUANTITIES. 

a. Boil about 3 Ibs. of the clear water, or of the 194 
water filtered at the spring, in a porcelain dish (a 
flask is less suitable) for one hour, taking care, how- 
ever, to add from time to time some distilled water, 
that the quantity of liquid may remain undimin- 
ished, and thus that only those salts may be sepa- 
rated which owe their solution to the presence of car- 
bonie acid. Jilter and examine the precipitate and 
the filtrate as directed § 203. 

b. Test for AMMONIUM, SILICIC ACID, ORGANIC MAT- 
TERS, &., by the methods given in § 2038. 


2. EXAMINATION FOR THOSE FIXED CONSTITUENTS WHICH 
ARE PRESENT IN MINUTE QUANTITIES. 


Evaporate a large quantity (at least 20 lbs.) of the water 195 
in a silver or porcelain dish to dryness ; conduct this opera- 
tion with the most scrupulous cleanliness in a place as free 
as possible from dust. If the water contains no alkali 
carbonate, add pure K, CO, in slight excess. The process 
of evaporation may be conducted at first over a gas-lamp, 
but ultimately the sand-bath must be employed. Heat the 
dry mass to very faint redness; if in a silver dish, yon 

‘nay at once proceed to ignite it; but if you have it ina 
porcelain dish, first transfer it to a silver or platinum ves- 
sel before proceeding to ignition. If the mass turns black 
in this process, ORGANIC MATTERS may be assumed to be 
present.* 

Mix the residue thoroughly, and divide it into 3 por- 
tions, a and 6 being each about a quarter, and c one-half. 

a. EXAMINATION FOR PHOSPHORIC ACID. 

Warm the portion @ with water, add pure H NO,196 
in sufficient excess, evaporate on the water-bath to | 
dryness, warm the residue with H N O,, dilute slightly, | 
filter through paper washed with H Cl, and test with | 
molybdie solution (§ 142, 10). 


* This inference is, however, correct only if the water has been effectually 
protected from dust during evaporation; if this has not been the case, and 
you yet wish to ascertain beyond doubt whether organic matters are present, 
evaporate a separate portion of the waterina retort. If you find organic 
mattcr, and wish to know whether it consists of crenic acid or of apocrenic 
acid, treat a portion of the residue as directed § 207, 3. 


8 206.) 


MINERAL WATERS. 337 


&. EXAMINATION FOR FLUORINE. 


Heat the portion 6 with water, add Ca Cl, as long as 197 


& precipitate continues to form, let deposit and collect 
the precipitate, which consists chiefly of calcium and 
magnesium carbonates, on a filter. Wash, dry, ignite, 
treat with water in a small dish, add acetic acid in 
slight excess, evaporate on the water-bath to dryness, 
keeping the dish on the bath until all smell of acetic 
acid has disappeared, add water, heat, filter off the 
solution of the acetates of the alkali-earth metals, wash, 
dry or ignite the residue, and test it as directed § 146, 5. 
. EXAMINATION FOR THE REMAINING FIXED CONSTITUENTS 
PRESENT IN MINUTE QUANTITIES. 


Boil the portion ¢ repeatedly with water, filter, and 198 


wash the undissolved residue with boiling water. 
You have now a residue («), and a solution (9). 

a. The vesedue consists chiefly of calcium carbon- 
ate, magnesium carbonate, silicic acid, and—in the 
case of chalybeate springs—ferric hydroxide. But 
it may contain also minute quantities of BARIUM, 
STRONTIUM, ALUMINIUM, MANGANESE, and TITANIUM, 
and must accordingly be examined for these sub- 
stances. 

Treat, it with water in a platinum or porcelain 
dish, add H Cl to slightly acid reaction, then 4 or 
5 drops of dilute H,S O,, evaporate on the water- 
bath to dryness, moisten with a small quantity of 
HCl, then add water, warm gently, filter, and wash. 


aa. EXAMINATION OF THE RESIDUE INSOLUBLE IN 199 


HYDROCHLORIC AcID. This will mostly consist of si- 
licic acid ; but it may contain also sulphates of the 
alkali-earth metals, titanic acid,and carbon. Heat 
it in a platinum dish repeatedly with H F or 
NH, F with addition of H,S O,, till all silicic 
acid is expelled. Finally evaporate to dryness, 
fuse the residue (if any) with potassium disul- 
‘phate, treat the fusion with cold water, filter and 
test the solution for rrranic act by protracted 
boiling. If there was a residue on treating the 
fusion with water, wash it and incinerate the fil- 
ter. When a spectroscope is at disposal, take 
up the ash on the loop of a platinum wire, ex- 
ose for some time to the reducing flame, moisten 
with H Cl, and examine for Barium. Strontium 
will not be found here except perhaps in traces. 
When a spectroscope is not at hand, set aside the 
ash for subsequent examination. 


6b. EXAMINATION OF THE HYDROCHLORIC AcID s0- 200 


Lurion. Mix in a flask with pure N H, Cl, add 
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NH,O8 until the fluid is just alkaline, then 
(N H,),8 free from NH,OH; close the flask, 
filled to the neck, and let it stand for 24 hours in ; 

a moderately warm place. If a precipitate has 

formed at the end of that time, filter off, dissolve 

in HCl, boil, add KOH (§ 34, c) in excess, 
boil again, filter, and test the filtrate for atumi- 
nium, by acidifying with HCl, and heating with 

AS 2 divide the residue into two parts, 

test one for MANGANESE with Na, C O, before the 

blowpipe, the other for tron by dissolving in 

H Cl and adding K CNS or K, Fe (C N),. 

The filtrate from the ammonium sulphide pre- 
cipitate may contain traces of barium and will 
contain all or nearly all the strontium. Add to- 
it (N H,), CO,, filter after long standing, wash 
the precipitate dry, subject it to Enextpacu’s 
process (end of § 99), and treat the aqueous ex- 
tract of the ignited precipitate as follows: If a 
spectroscope is at command, evaporate it to dry- 
ness with H Cl and examine the residue in the in- 
strnment. If a spectroscope is not at command 
evaporate it nearly to dryness with (N H,), SO, 
boil with a saturated solution of (N H,), § O,, filter, 
wash the precipitate, dry, incinerate, add the res- 
idue, set aside in 199, fuse with Na, OC O,, 
treat with water, wash, dissolve the residue in 
H Cl, and test the solution according to § 99. 

p. The alkaline solution contains the salts of the 20] 
alkali metals and usually also magnesium and traces 
of calcium. You have to examine it now for n1- 
TRIC ACID,} BORIC ACID, IODINE, BROMINE and LITHIUM. 
Evaporate until very concentrated, let it cool, and 
place the dish in a slanting position, that the small 
quantity of liquid may separate from the suline 
mass; transfer a few drops of the concentrated so- 
lution to a watch-glass by means of a glass rod, just 
acidify with H Cl, and test with turmeric-paper for 
Boro AcID. Evaporate the whole contents of the 
dish, with stirring, to perfect dryness, and divide 
the residuary powder into 2 portions, aa being 
about two-thirds, and 60 one-third. 


* There is no use in testing for aluminium unless the evaporation has been 
effected in a platinum or silver dish. 

+ The nitric acid originally present may have been destroyed by the ig- 
nition of the residue in 195 if the latter contained organic matter. If you 
have reason to fear that such has been the case, and you have not already 
found nitric acid in 194, examine a larger portion of non-ignited residue for 
that acid, according to the lirections of 202, 
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aa. EXAMINE THE LARGER PORTION FOR NiTRIC 202 
ACID, IODINE, and BROMINE. : 
Put the powder into a flask, add alcohol of 90 
per cent., boil in the water-bath, and filter hot; 
repeat the same operation a second and a third 
time. Mix the alcoholic extract with a few 
drops of potassa, distil almost all the spirit off, 
and allow to cool. If minute crystals separate 
these may consist of potassium nitrate; pour off 
the fluid, wash the crystals with some spirit, dis- 
solve in a very little water, and test the solution 
for NirRic ActD, with indigo, or with brucin, or 
with potassium iodide, starch-paste and zine 
(§ 159). LEvaporate the alcoholic solution now 
to dryness. If vou have not yet found nitric acid, 
dissolve a small portion of the residue in a very 
little water, and examine the solution for that 
acid. Treat the remainder or, as the case may 
be, the whole of the residue three times with 
warm alcohol, filter, evaporate the filtrate to dry- 
ness with addition of a drop of K O H, dissolve 
the residue in a very little water, acidify slightly 
with H,S O,,add some pure OC §,, and test for 
IODINE* with K N O,, or a drop of solution of N, O, 
in H,SO, After having carefully observed 
the reaction, test the same fluid for BromiNE with 
Cl water according to § 157. 
6b. EXAMINE THE SMALLER PORTION FOR LITHIUM. 203 
Warm the smaller portion of the residue (which, 
if lithium is present, must contain that metal as 
carbonate or phosphate) with water, add H Cl to 
distinctly acid reaction, evaporate nearly to dry- 
ness, then mix with pure alcohol of 90 per cent., 
which will separate the greater portion of the* 
. Na Cl, and dissolve all the lithium-salt. Drive off 
the alcohol by evaporation, and, if you have a 
spectroscope, examine the residue with this for 
Lirutum (§ 93, 3). If you have no spectroscope, 
dissolve the residue in water and a few drops of 
HCl, add a little Fe, Cl,, then N H,O Hin slight 
excess, and a small quantity of (N H,),C,O,; let 
the mixture stand for some time, then filter off 
the fluid, which is now entirely free from phos- 


* [According to Sonstapt (Chem. News, xxv., pp. 196, 231 and 241), sea- 
water contains iodine in the form of zodates, which do not give the usual re- 
actions for iodine until treated with reducing agents. To test for iodine in sea- 
water, directly, Sonstadt advises to add to 50 or 100 c.c, of the water a few 
drops of pure H Cl, a bit of magnesium metal, and to shake up with a few 
trops of CS,. The latter acquires a purple tinge after a few minutes.—EbD.] 
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— acid and calcium; evaporate the filtrate to - 
ryness, and gently ignite until the N H, salts are 
expelled; treat the residue with some Cl water 
(to remove I and Br) and a few drops of H Cl, 
and evaporate to dryness; add a little water and 
(to remove Mg) some finely divided Us O, evapo- 
rate to dryness, and gently ignite until the Hg O 
is just driven off; add a drop of H Cl, treat with 
a mixture of absolute alcohol and anhydrous 
ether, filter, concentrate the filtrate by evapora- 
tion, and set fire to the alcohol. If it burns with 
a carmine flame, Lrruium is present. By way of 
confirmation convert the lithium found into phos- 
phate (§ 93, 3). 


3. EXAMINATION FOR THOSE CONSTITUENTS WHICH ARE 
PRESENT IN MOST MINUTE QUANTITIES. 


Evaporate 200 or 300 Ibs. of the water in a large, per- 204 
fectly clean iron vessel until the salts soluble in water begin 
to separate. If the mineral water contains no Na,CO,, 
add sufficient of that substance to render the fluid distinctly 
alkaline. After evaporation filter the solution off, wash 
the precipitate, without adding the washings to the first 
filtrate, and 

a. Examine the prec*pitate by the method given 
§ 207 for sinter deposits ; : 

b. Mix the solution with HCl, to acid reaction, 
heat, just precipitate the H,S O, which may be pres- 
ent with Ba Cl,, filter, evaporate the filtrate to dry- 
ness, digest the residue with alcohol of 90 per cent., 
and examine the solution for castum and RUBIDIUM ac- 
cording to § 93, at the end. Treat the residue insolu- 
ble in alcohol as follows: Make a hot concentrated 
solution of it in water, add N,H OJ in excess, filter 
if necessary, add K I while still hot and allow to stand. 
If a precipitate forms test it for ruaLtium in the 
spectroscope. 


II, Examryation or THE Sinter Deposrr, 
§ 207 


1. Free the deposit from impurities, by picking, sifting, 205 
e.utriation, &c., and from the soluble salts adhering to it, 7 
by washing with water; digest a large quantity (about 200 
grammes) with water and HCl (effervescence: carBontre 
ACID) at a very moderate heat until the soluble part is com- 


ul 
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pletely dissolved; dilute, let cool, filter, and wash the 
residue. a 


a. Examination of the filtrate. 

a. Heat the larger portion to 70°, pass H,S for 206 
some time and also during the cooling. Allow to 
stand in a moderately warm place till the smell of 
— ‘is almost gone, and filter. 

ash and dry the pre¢ipitate, remove the greater 207 
part of the free sulphur by digesting and washing 
with CS,, warm gently with yellow potassium sul- 

. phide, dilute, filter, wash with water containing. 
potassium sulphide, and precipitate the filtrate and 
: washings with HCl. Allow the precipitate to settle, 
| filter it off, wash, dry, extract again with C§,, treat 
| the residue (if any) together with the filter in a 
small porcelain dish with pure red fuming nitric 
acid, warm till the greater part of the acid is ex- 
pelled, add excess of N a, C O,, then a little Na N O,, 
fuse, treat the fusion with cold water, filter, wash 
j with diluted alcohol, and test the aqueous solution 
for arsentc by 65 and 66, the residue for anrmony 
and trv by dissolving in dilute H Cl and treating the 
solution wh zine free from lead in a platinum cap- 
sule (67). 

If a residue remained on treating the H, § preci- 208 
pitate with K,S, wash, remove from the filter by a 
jet of water, boil with a small quantity of dilute 

N O,, filter, wash and treat the contents of the fil- 
ter first with H, S—in order not to miss lead-sulphate, 
which may possibly be present here—then test them 
for BARIUM and strontium according to 199, Mix 
the nitric acid solution with a little pure H,SO,, 
evaporate to dryness on a water-bath and treat 
with water; if a residue, it consis® of lead-sulphate. 
To make sure, filter it off, wash, and see if it turns 
black with H,S. Test the filtrate from PbS O, with 
NH, OH, and with K, Fe (CN), for coprer 

Take a portion of the filtrate from the H, S pre- 209 
cipitate, evaporate it to dryness with excess of 
HNO, on a water-bath, treat with HNO, and 
water, filter, and test the solution for pHosPHoRic 
acid with molybdic solution. Transfer the re- 
mainder of the filtrate from the H, § precipitate to 
a flask, add N H,Cl, then N H,O H until the fluid 
is just alkaline, lastly (N H,),S free from N H, O H, 
fil the flask to the neck, close the mouth, allow to 
stand in a moderately warm place till the super- 
natant fluid is yellow without a shade of green, filter, 


- 


332 SINTER DEPOSIT. [$ 207. 


aud wash with water containing (NH,),S. Treat 

the precipitate with dilute H Cl and proceed to test 

for COBALT, NICKEL, IRON, MANGANESE, ZINC, ALUMINIUM 

AND siLica according to 96-104, To examine for 

TITANIC AcID throw down a part of this H Cl solu- 

tion with N H, O H and treat the precipitate accord- 

ing to 166, In the filtrate from the (N H,), S pre- 
cipitate throw down the ocaxcium and srRoNnTiuM 
aud any BARIUM which may be present with 

(N H,), C O, and (N H)), G, O,, and test the precipi- 

tate for the two last by Enexrpacn’s method (end 

of § 99). Finally test the filtrate from the calciuin 
precipitate for MAGNESIUM. | 
8. Mix a portion considerably diluted, with Ba Cl,, 

and allow it to stand 12 hours in a warm place. A 

white precipitate indicates SULPHURIC ACID. 
o. Examination of the residue. 

Consists of sand, silicic acid, clay and organic mat- 210 
ter; also sulphur (if the water contained H,8), and 
sulphates of barium and strontium. Boil with a solu- 
tion of Na, CO, and NaOH to dissolve the srricic 
acip and sulphur, filter, and treat on the paper with 
dilute H. Cl to dissolve barium and. strontium and 
leave the clay and sand. Test the H Cl solution ac- 
cording to 200 for Barium and srronrium. 

2. For riuoring, take a separate portion of the deposit, 211 | 
mix with about half its weight of pure slacked-lime, (if 
Ca C O, is not present in abundant quantity), rere (black- 
. ening indicates organic matter), add water, and then acetic 
acid in excess, evaporate till the excess of acid is expelled, 
and proceed as directed 197, 

3. Boil the deposit for a considerable time with concen- 212 
trated potassa, and filter. 

a. Acidify a portion of the filtrate with acetic acid, 
add N H,O H, allow to stand 12 hours, and then filter 
off the precipitate of alumina and silicic acid, which 
usually forms; again add acetic acid in excess, and 
then solution of normal cupric acetate. If a brownish 
precipitate is formed, this consists of cupric APOCRE- 
nate. Mix the fluid filtered from the precipitate with 
(N H,), C O,, until the green color has changed to blue, 
and warm. If a bluish-green precipitate is produced, 
this consists of cupric CRENATE. 

6, If you have detected As, use the remainder of 
the alkaline fluid to ascertain whether it existed as 
ARSENIOUS ACID Or a8 ARSENIO AciD. (Compare § 184, 9). 
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IV. Awnatysis or Sous. 
§ 208. 


Soils must contain all the constituents which are found 
in the plants growing upon them, with the exception of 
those supplied by the atmosphere and the rain. When we 
find, therefore, a plant, the constituents of which are known, 
growing in a certain soil, the mere fact of its growing 
there gives us some insight into the composition of that 
soil, and may save us, to some extent, the trouble of a 
qualitative analysis. 

Viewed in this light, it would appear superfluous to 
make a qualitative analysis of soils still capable of produc- 
ing plants; for it is well known that the ashes of plants 
contain almost invariably the same constituents, and the 
differences between them are caused principally by differ- 
ences in the relative proportions in which the several con- 
stituents are present. But if, in the qualitative analysis of 
a soil, regard is had also to the proportions of the constitu- 
ents, and to the state in which they are present, an analy- 
sis of the kind, if combined with an examination of the 
physical properties of the soil, and a mechanical separation 
of its parts,* may give useful results, enabling the analyst 
to judge sufficiently of the condition of the soil, to super- 
sede the necessity of a quantitative analysis, which would 
require much time, and is a far more difficult task. 

As plants can only absorb substances capable of entering 
into a state of solution, it is a matter of especial importance, 
in the qnalitative analysis of a soil, to know which con- 
stituents are soluble in water;+ which require an acid for 


* With regard to the mechanical separation of the component parts of a 
soil, and the examination of its physical properties and chemical condition, 
compare F, ScHuUuZzE, Journ. f. prakt. Chemie, 47, 241; also FRESENIUS’S 
Quantitative Analysis, E. WoLFF, Zeitschr. f. anal. Chem. 3, 85, CAIDWELL’s 
Agricultural Chemical Analysis and especially E. W. HILGARD, Am. Jour. Sci. 
III. vi. (1873) p. 288. 

+ It was formerly universally assumed that substances soluble in water. or 
in water containing carbonic acid, circulated freely in the soil so long as there 
existed agents for their solution; but since it has been discovered that arable 
soil possesses, like charcoal, the property of withdrawing from dilute solutions 
the bodies dissolved in them, this notion is exploded, and we now know that 
arable soil will retain with a certain force bodies otherwise soluble—from 
which we conclude that the aqueous extract of a soil cannot be expected to 
contain the whole of the substances present in that soil in a state immediately 
available for the plant. Neither can we expect to find these matters in the 
aqueous extract in the same proportion in which they are present in the soil, 
since the latter will readily give up to water those substances in regard to 
which its power of absorption has been satisfied, whilst it will more or less 
strongly retain others. But although, for this reason, the examination of the 
aqueous extract of a soil has no longer the same value as it was formerly con- 
sidered to have, yet it is still useful to ascertain what substances a soil will 
actually give up to water. It is for this reason that I have retained the chap- 
ter on the preparation and examination of the aqueous extract. 
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their solution (in nature principally carbonic acid) , and, 
finally, which are neither soluble in water, nor in acids, 
and are not, accordingly, in a position for the time being 
to afford nutriment to the plant. With regard to the in- 
soluble substances, another interesting question to answer 
is whether they suffer disintegration readily, or slowly and 
with difficulty, or whether they altogether resist the action 
of disintegrating agencies; and also what are the products 
which they yield upon their disintegration.* 

In the analysis of soils, the constituents soluble in water, 
those soluble in acids, and the insoluble constituents, must 
be examined separately. The examination of the organic 
portion also demands a separate process. 

The analysis is therefore divided into the following four 
parts : 


1. Preparation and Examination of the Aqueous Extract. : 


§ 209. 


About 1,000 grammes of the air-dried soil are used for the 218 


preparation of the aqueous extract. To prepare this ex- 
tract quite clear is a matter of some difficulty: in following 


the usual course, viz., digesting or boiling the earth with. 


water, and filtering, the fine purticles of clay are speedily 
found to impede the operation, by choking up the pores of 
the filter; they also almost invariably render the filtrate 
turbid, at least the portion which passes through first. I 
have found the following method proposed by F. Sonvrze 
(doc. ctt.) the most practical: Close the neck of several middle- 
sized funnels with small filters of coarse blotting-paper, mois- 
ten the paper, press it close to the sides of the funnel, and 
then introduce the air-dried soil, in small lumps ranging from 
the size of a pea to that of a walnut, but not pulverized or 
even crushed; filling the funnels about two-thirds. Pour dis- 
tilled water into them, in sufficient quantity to cover the 
soil; if the first portion of the filtrate is turbid, pour it 
back into the funnel. Let the operation proceed quietly. 
Fill the funnels again with water, and continue this pro- 
cess of lixiviation until the filtrates weigh twice or three 
times as much as the soil used. Collect the several filtrates 
in one vessel, and mix them intimately together. Keep a 
portion of the lixiviated soil. 

Divide the aqueous solution into two parts, 1 (about 
two-thirds) and 2 (about one-third). 


* For more ample information on this subject the reader is referred to 
FRESENIUSs’s Cheinie fiir Landwirthe, Forstmiinner, und Cameralisten; B: 


wick, Vieweg, 1847, p. 485 
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1. Evaporate in a porcelain dish to a small bulk and test 
as follows: 

a. Filter off a portion, test the reaction of the 214 
filtrate, set aside a part to test for organic matter (224), 
warm the rest and add HN O,. Effervescence indicates 
aN ALKALI-METAL CARBONATE. ‘Then test for CHLORINE 
with Ag N O,. 

6. Transfer the rest of the concentrated fluid from 1, 215 
together with the precipitate which it usually con- 
tains, to a small dish (preferably of platinum), evapo- 
rate to dryness, and heat the brownish residue can- 
tiously till the organic matter is destroyed. In the 
presence of nirrares a slight deflagration will be per- 
ceptible. Treat the residue as follows : 

«, Test a small portion with Na, C O, in the oxi- 
dizing flame for MANGANESE. 

8. Warm the rest with water, add HCl (efferves- 
cence indicates carbonic acid), evaporate to dryness 
to separate silicic acid, moisten with HCl, add 
water, warm, and filter. 

aa. Wash the residue, which generally contains 
a little carbon, a little clay (if the aqueous extract 
was not clear), and also sizicic acm. To detect 
the latter, pierce the filter, wash the residue 
through, boil it with Na O H, filter, saturate with 
HCl, evaporate to dryness, and finally take up 
pla water, when the silicic acid will remain be- 

ind. 

bb. Test a part of the HCl solution for suz- 
PHURIC AcID with BaCl,. Evaporate a second 
part with HL NO, and test for pHospHorio aciD 
with molybdic solution. Test a third part for 
tron with KCNS. To the rest add a few drops 
of Fe,Cl, (to remove phosphoric acid), then 
N H,0 H till slightly alkaline, warm a little, filter, 
throw down the catcrum with (N H,), 0, O, and 
proceed to the examination for MAGNESIUM, POTAS- 
sium, and sopium (§§ 189, mir Finally examine a 
small quantity of the pure alkali-chlorides in the 
spectroscope for LITHIUM. 

Aluminium is not likely to be found in the 216 
aqueous extract (I°. Scuvxzx never found it). To 
test for it, boil the precipitate produced by am- 
monia with pure KO in a platinum dish, 
‘filter, acidify the filtrate with H.Cl,add N H, OH, 
and warm. 

2. If you have found iron, acidify a portion with H Cl, 217 
and test half with K, Fe, (C N),,, the other half withK CNS, 
to see in what state the iron is present. Mix the rest of the 
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aquecus extract with a little H,SO,, evaporate nearly to 
dryness on the water-bath, and test the residue for amo- 
ntA by Ca(OH),. If the aqueons extract is absolutely 
clear you may test it for ammonia directly hy Hg Cl,, &e. 
($ 92). 


2. Preparation and Examination of the Acid Extract. 
§ 210. 


Heat about 50 grammes of the soil from which the part 218 
soluble in water has been removed as far as practicable* 
with moderately strong H Cl (effervescence indicates car- 
BONIC = for several honrs on the water-bath, filter, and 
make the following experiments with the filtrate, which is 
generally yellow from the presence of ferric chloride: 

1. Test a small portion with KCNS for tetrad 219 
tron, another with K, Fe, (C N),, for dyad mon. 

2. Test a small portion with Ba Cl, for sutpHurtc 
acip. Evaporate another portion to dryness, heat the 
residue to a temperature scarcely exceeding 100°, 
warm with HN O,, filter off the silicic acid, and test 
for pHospHorIc AvID with molybdic solution in the 
cold. 

3. Mix a large portion with N H, O EH to neutralize 220 
the free acid, then with yellowish ammonium sul- 
phide; let the mixture stand in a warm place, in a 
flask filled up to the neck, until the fluid looks yellow; 
then filter, and test the filtrate in the usual way for 
CALCIUM, MAGNESIUM, POTASSIUM, and soDIUM. 

4. Dissolve the precipitate obtained in 3 in HCl, 221 
evaporate to dryness, moisten with HCl, add water, 
warm, filter, and examine the filtrate according to 
94, for IRON, MANGANESE, ALUMINIUM, and if necessary, 
also for calcium and magnesium, which may have 

-been thrown down by the ammonium sulphide, in 
combination with phosphoric acid. 

5. The OR smuicio Acid obtained in 4 is usu- 
ally colored by organic matter. It must, therefore, 
be ignited to obtain it pure. 

6. If it is a matter of interest to ascertain whether 222 
the H Cl extract contains ARsENIO, copper, &e., treat 
the remainder of the solution with H,8, as directed 
206-208. 

7. For rivormg, ignite a fresh portion, and proceed 
according to 174. 


* Complete lixiviation is generally impracticable. 
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3. Hxamination of the Inorganic Constituents insoluble 
in Water and Acids. 


gon, 


eating the lixiviated soil with HCl (218) leaves the 248 
greater portion undissolved. To subject this undissolved 
residue to chemical examination, wash, dry, and sift, to 
separate the stones from the clay and sand; moreover, 
separate the two latter from each other by elutriation. 
Subject the several portions to the process given for sili- 
cates (§ 198). 


4. Examination of the Organic Constituents of the Soil.* 
§ 212. 


The organie constituents of the soil, which exercise so 
great an influence upon its fertility, both by their physical 
and chemical action, are partly portions of plants in which 
the structure may still be recognized (fragments of straw, 
roots, seeds of weeds, &c.), partly products of vegetable de- 
composition, which are usually called by the general name 
of numus, but differ in their constituent elements and pro- 
perties, according to whether they result from the decay 
of the nitrogenous or non-nitrogenous parts of plants— 
whether alkalies or alkali-earths have or have not had a 
share in their formation—whether they are in the incipient 
or in a more advanced stage of decomposition. To separate 
these several component parts of humus would be an ex- 
ceedingly difficult task, which, moreover, would hardly re- 
pay the trouble; the following operations are amply sufl- 
cient to answer all the purposes of a qualitative analysis: 


a. Examination of the Organic Substances soluble in 
Water. 


Evaporate the reserved portion of 214 on the water-bath 224 
to perfect dryness, and treat the residue with water. The 
humic acid, which was present in the solution in combina- 
tion with bases, remains undissolved, whilst cRENIC AND APO- 
CRENIC Acips are dissolved; for the manner of detecting 
the latter acids, see 212, 


*Compare FrmsEentus’s Chemie fiir Landwirthe, Forstminner, nnd 
Cameralisten ; Brunswick, Vieweg, 1847, $§ 282-285. ; : 


22 
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b. Treatment with ‘A dbati: Carbonate. 


Dry a portion of the lixiviated soil, and sift to separate 225 
the fragments of straw, roots, &c., and the small stones, 
from the finer parts; digest the latter for several hours at 
80-90° with solution of sodium carbonate, and filter. 
Mix the filtrate with HCl to acid reaction. If brown 
tlakes separate, these proceed from HUMIC AcID. 


ce. Treatment with Caustic Alkali. 


Wash the soil boiled with solution of sodium carbonate 226 
(6) with water, boil several hours with pure NaOH, re- 
placing the water as it evaporates, dilute, filter, and wash. 
Treat the brown fluid as in &. The humic acid which 
separates now is a new product resulting from the action 
of boiling soda upon HUMIN. 


V. Derectrion or Inoraanic Supstanoes In PRESENCE 
oF OrcGANic SUBSTANCES. 


§ 213. 


It will be readily conceived that the presence of organic 
substances may so far impede an analysis that it cannot be 
proceeded with until the organic matter has been rendered 
insoluble or totally destroyed ; thus, for instance, the pres- 
ence of organic coloring matter may completely conceal a 
change of color or a precipitate; again the presence of 
slimy matter may render filtration impossible. Difficulties 
of this kind are of constant occurrence in the examination 
of medicines, in the analysis of articles of food or of the 
contents of a stomach for inorganic poisons, and in the 
analysis of the inorganic constituents of vegetable or ani- 
mal substances. In the following pages instructions will 
be given first for a general procedure, afterwards for 
several special cases. 


1. General Rules for the Detection of Inorganic Sub- 
stances in Presence of Organic matters, which by their 
Color, Consistence or other Propertics, impede the Ap- 
pi of the Reagents, or obscure the Reactions pro- 

t ° 


§ 214, 


We confine ourselves here, of course, to the description 
of the most generally applicable methods, leaving the modi- 
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2 
fications which circumstances may require in special cases 
to the discretion of the analyst. 

1. Tue suBsTANCE DISSOLVES IN WATER, BUT THE SuLUTION 227 
18 DARK-COLORED OR OF SLIMY CONSISTENCE. 

a. Heat a portion of the solution with H Cl on the 
water-bath, and gradually add K Cl O, until the mix- 
ture is decolorized and perfectly fluid; heat until it 
exhales no longer the odor of Cl, then dilute with 
water, and filter. Examine the filtrate in the usual 
way, commencing at § 183. Compare also § 218. It 
is hardly necessary to observe that mercurous, stan- 

. nous, and ferrous salts would be changed to mercuric, 
stannic, and ferric chlorides respectively by this treat- 
ment. 

6. Boil another portion of the solution for some 
time with HN O.,, filter, and test the filtrate for sinvER 
and porassium. If HN O, succeeds in effecting the 
ready and complete destruction of the coloring and 
slimy matters, &c., this method is often preferable to 
all others. 

c. ALUMINIUM and cHRoMIuM might escape detection 
by this method, because N H, O H and (N H,), § fail 
to precipitate their hydroxides from fluids containing 
non-volatile organic substances. Should you have 
reason to suspect the presence of these metals, mix a 
third portion of the substance with Na CO, and 
K Cl O; and throw the mixture gradually into a red- 
hot crucible. Let the mass cool, then treat it with 
water, and examine the solution for chromic acid and 
aluminium, the residue for aluminium (§ 108). 

d. Test a separate portion for ammonia with slacked- 
lime. 

e. Subject another portion to dialysis and examine - 
the dialysate for acids. 

2. BoILIne WATER FAILS TO DISSOLVE THE SUBSTANCE, OR 228 
EFFECTS ONLY PARTIAL SOLUTION ; THE FLUID ADMITS OF FIL- 
TRATION. 

Filter, and treat the filtrate either as directed § 182, or, 
should it require decoloration, according to 227. The res 
idue may be of various kinds. 

a. It is rarry. Remove the fatty matter by means 
of ether, and should a residue be left, treat this as di- 
rected § 175. 

6. It is restNous. Use alcohol instead of ether, or 
apply both liquids successively. 

¢. Iv 1s OF A DIFFERENT NATURE, ¢.g., woody fibre, &e. 

a. Dry, and ignite a portion in a porcelain or - 
platinum vessel, avoiding too high a temperature, — 
until total or partial incineration is effected ; warm 
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the residue with H Cl and a little H N O,, dilute, 

and examine the solution as directed 53; if a 

residue has been left, treat this according to , 
196. 

Fy 8. Examine another portion for the heavy metals 
and acids, as directed 22'7—siuce with the method 
given in a, arsenic, cadmium, zine, &c., may volatilize, 
besides mercury. | 

y. Test the remainder for ammonia, by triturat- 
ing with slacked-lime. 

8. TH SUBSTANCE DOES NOT ADMIT OF FILTRATION OR ANY 229 
OTHER MEANS OF SEPARATING THE DISSOLVED FROM THE UNDIS- 
SOLVED PART. 

Treat the substance in the same manner as the residue 
in 228, 

As regards the charred mass, 228 ¢, a, it is often advis- 
able to boil the mass, carbonized ata gentle heat, with 
water, filter, examine the filtrate, wash the residue, incin- 
erate it, and examine the ash. 

4. The following method proposed by E. Mition* is of 
very general application for the detection of metals when 
mixed with organic matter. Transfer the substance to a 
tubulated retort and add four times its weight of pure 
H,S0O, The retort should not be more than one-third 
full. Heat slowly till the mixture is homogeneous, and 
then placing a funnel tube in the tubulure of the retort 
aud gently increasing the temperature, add HN O, gradu- 
ally. The object of this first operation is to decompose 
chlorides, which will take about half an hour. Now re- 
move the mixture to a platinum dish-and_ heat till the 
H, 8 O,, which by degrees loses its black color and turns 
orange or red, begins to escape. Add more H N O, in small 
be ; after each addition the fluid will be decolorized, 

ut it again turns darker on further heating. Continue 
- adding H N O, until no more coloration oceurs, and finally 
expel the H, S O,, when you will obtain a saline mass to be 
aualyzed in the usual way. If the heat is moderated to- 
wards the end, according to Mitton none of the arsenic or 
mercury will be lost; but this cannot be depended on 
when much chlorides are present. 

5. To separate salts from colloid organic matter, dialysis 
is very convenient.t The substance is sometimes first 
warmed with HN O, or with K ClO, and HCl. (Com 
pare § 217.) 


ee 


* Journ. de Pharm. et de Chim. 46, 33. Zeitschr. f. anal. Chem. 4, 208. 
+ Compare 0. RevEIT, Zeitschr, f. anal. Chem. 4, 266 ; Brzro, Jbid. 5, 51; 
RIEDERER, Ibid. 7, 517. 
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2. Detection of Inorganic Poisons in Articles of 
poet @ Dead Bodies, he., in Chemico-legak 
ases. 


§ 215. 


The chemist is sometimes called upon to examine an 230 
article of food, the contents of a stomach, a dead body, &c., 
with a view to detect the presence of some poison, and 
thus to establish the fact of poisoning; but it is more fre 
quently the case that the question put to him is of a less 
general nature, and that he is called upon to determine 
whether a certain substance placed before him contains a 
metallic poison; or, more pointedly still, whether it con- 
tains arsenic or hydrocyanic acid, or some other particular 
poison—as it may be that the symptoms point clearly in 
the direction of that poison, or that the examining magis- 
trate has, or believes he has, some other reason to put this 
question. 

It is obvious that the task of the chemist will be the 
easier, the more special and pointed the question which is 
put to him. However, the analyst will always act most 
wisely, even in cases where he is simply requested to state 
whether a certain poison, e.g., arsenic, is present or not, if 
he adopts'a course of proceeding which will not only per- 
mit the detection of the one poison specially named, the 
presence of which may perhaps be suspected on insufficient 
grounds, but will moreover inform himself as to the pres- 
euce or absence of other similar poisons. 

But we must not go too far in this direction either; if 
we were to attempt to devise a inethod that should embrace _ 

; ull poisons, we might succeed in elaborating such a method 
| at the writing-desk; but experience would speedily con- 
q vince us that the complexity inseparable from such a 
4 course, must impede the execution of the process and im- 
pair the certainty of the results, to such an extent that the 
3 drawbacks would be greater than the advantages derivable 
; from it. 
’ Moreover, the attendant circumstances permit usually at 
. least a tolerably safe inference as to the group to which the 
1 poison belongs. Acting on these views, I give here,— 
: 1. A method which insures the detection of the minut- 
est traces of arsenic, allows of its quantitative determination, 
gud permits at the same time the detection of all other 
metallic poisons. 
' 2, A method to effect the detection of hydrocyanic acid, 


* Compare FRESENIUS, Ann. d. Chem. u, Pharm. 49, 275; and FRESENIUS 
and vy. BaBo, Ann. d. Chem. u. Pharm. 49, 287. 
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which leaves the substance still fit to be examined both for 
inetallic poisons and for alkaloids. 

3. A method to effect the detection of phosphorus, which 
dees not interfere with the examination for other poisons. 

This part of the work does not, therefore, profess to sup- 
ply a complete guide in every possible case of chemico- 
legal investigations. But the instructions given in it are 
the tried and proved results of my own practice. More- 
over, they a Mimeuavells be found suflicient, the more so as 
in the Section on the alkaloids, I give the description of 
the best processes by which the detection of these latter 
poisons in criminal cases may be effected. 

Where you have no indications at all of the sort of poi- 
son to be looked for, begin by carefully inspecting the 
substance with the aid of a microscope if necessary, by 
noting the odor, reaction, &c., and then if the circumstances 
do not point to examining different portions for the differ- 
ent classes of poisons, proceed to test for hydrocyanic acid 
and phosphorus (a distillation usually suffices for the detec- 
tion of both), afterwards for alkaloids, and finally for metal- 
lic poisons. As an obvious matter of caution, you should 
always reserve one-third of the substance, after weighing 
and mixing, for contingencies. 


I. Mernsop ror tHE Derecrion or ArsEnic (WITH DUE 
REGARD TO THE POSSIBLE PRESENCE OF OTHER METALLIC 
Porsons). 


§ 216. | 


Of all metallic poisons arsenic is the most dangerous, and 231 | 
most frequently used for the wilful poisoning of others. 
Among the compounds of arsenic, arsenious oxide occupies 
the first place, because it kills even in small doses, it does 
not betray itself, or at least very slightly, by the taste, and 
it is. readily procurable. 

As arsenious oxide dissolves in water only sparingly, and 
—on account of the difficulty with which moisture adheres 
to it—very slowly, the greater portion of the quantity : 
swallowed exists usually in the body in the undissolved 
state ; as, moreover, the smallest grains of it may be readily 
detected by means of an eaceedinely simple experiment ; 
and lastly, as—no matter what opinion may be entertained 
about the normal presence of arsenic in the hones, &c.— 
this much is certain, that arsenious oxide in grains or 
poe is never normally present in the body, the particu- 
ar care and efforts of the analyst ought always to be di- 
_ rected to the detection of the arsenious oxide in substance— 
and this end may indeed usually be attained. 3 


Re eo 
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A. Method for the Detection of undissolved Arsenious 
Oxde. 


1. If you haye to examine food, vomit, or some other 232 


matter of the kind, after weighing it mix the whole as uni- 
formly as may be practicable, reserve one-third for contin- 
gencies, and mix the other two-thirds in a porcelain dish 
with distilled water, with a stirring rod; let the mixture 
stand a little, then pour off the fluid, together with the 
lighter suspended particles, into another porcelain dish. 
Repeat this latter operation several times, if possible with 
the same fluid, pouring it from the second dish back into 
the first and so on. Finally, wash once more with pure 
water, best in a glass dish, remove the fluid as far as prac- 
ticable, and try whether you can find in the dish small, 
white, hard grains which feel gritty under the glass rod. 
If net proceed as directed § 217 or § 218. But if so, pick 
out the grains, or some of them, with a pair of pincers, or 
wash them if they are very minute in a watch-glass, dry, 
weigh them, and heat a small portion in a glass tube, 


- another small portion with a splinter of charcoal (compare 


§ 132, 2 and 11). If you obtain in the former experiment 
a white sparkling sublimate consisting of octahedrons and 
tetrahedrons, in the latter experiment an arsenical mirror, 
you are quite safe in concluding that the grains consist of 
arsenious oxide. If you wish to determine the quantity of 
the arsenic, or to test for other metallic poisons,unite the con- 
tents of both dishes, and proceed as directed § 217 or § 218. 
2. If a stomach is submitted to you for analysis, empty 
the contents into a porcelain dish, turn the stomach inside 
out, and (a), search the inside coat for small, white, hard, 
saudy grains. The spots occupied by such grains are often 
reddened ; the grains are also frequently found firmly im 
bedded in the inembrane. (6) Mix the contents in the dish 
uniformly, weigh them, put aside one-third for contingen 
cies, and treat the other two-thirds as in 1. The same 
cowrse is pursued also with the intestines. In other parts 
of the body—with the exception perhaps of the pharynx 
and cesophagus—arsenious oxide cannot be found in grains, 
if the poison has been introduced through the mouth. If 
you have found grains of the kind described, examine them 
as directed in 1; if not, or if you wish to test also for other © 
metallic poisons, proceed according to § 217 or § 218. 


B. Method of detecting soluble Arsenical and other 
Metallic Compounds by means of Dialysis. 


§ 217. 


If method A has failed to show the presence of arseni- 238 


yus oxide in the solid state, and the process described in 


344 TUXICAL ANALYSIS. [§ 217 


§ 218, in which organic matter iv coagulated or destroyed 
by potassium chlorate and hydrochloric acid, is at once 
resorted to, the operator must, of course, in the event 
of the presence of arsenic being revealed, give up all no- 
tion of ascertaining, as far as the portion operated upon is 
concerned, in what form the poison has been administered ; 
as the process will give a solution containing arsenic acid, 
no matter whether the poison was originally present in that 
form, or as arsenious oxide, or as sulphide, or in the me- 
tallic state, &c. This defect may be remedied, however, 
by interpolating a dialytic experiment between A and C. 

The experiment requires the apparatus shown in § 8, fig. 
6. The hoop is made of wood or, better, of gutta-percha ; 
it is 2 inches in depth, and 8 or 10 inches in diameter. 
The residue and fluid of § 216, A, having been mixed ac- 
cording to the circumstances with two-thirds of the stom- 
ach, intestinal canal, &c. (cut small and digested for twenty- 
four hours at. about 32°) is poured into the dialyser to a 
depth of not more than half an inch. The dialyser is then 
floated in a basin containing about 4 times as much water 
as the fluid to be dialysed amounts to. After 24 hours 
one-half or three-fourths of the crystalloids will be found 
in the external water, which generally appears colorless. 
Concentrate this by evaporation on the water-bath, acidify the 
greater part with hydrochloric acid, treat with sulphuretted 
hydrogen, and proceed generally as directed 235 e¢ seg. If 
an arsenical compound soluble in water (or some other sol- 
uble metallic salt) is present, the corresponding sulphide 
is obtained almost pure. By floating the dialyser succes- 
sively on fresh supplies of water, the whole of the soluble 
crystalloids present may finally be withdrawn. If arseni¢ 
is found, test the remainder of the concentrated dialysate 
according to § 184, 9, to see whether arsenious or arsenic 
acid is present. 

It is generally best to examine the exhausted contents of 
the Sralece at ouce according to § 218 for metals, but in 
some cases, as, for instance, when you wish to determine 
the state of oxidation or combination of compounds of 
arsenic or other metals, it is preferable to heat the matter 
first with dilute hydrochloric acid and to dialyse it again. 

Instead of interpolating the dialysis at this stage, you 
may wait till the close of C, and then if a metallic poison 
has been found and yon wish to ascertain its state of com- 
bination, you may recur to this paragraph, using the re- 
served one-third for the experiment. 
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(. Method for the Detection of Arsenic in whatever Form 
t may exist, which allows also of its Quantitative De- 
termination, and of the Detection of all other Metallic 
Poisons.* 


§ 218. 


If you have found no arsenious oxide in substance by the 
method described in A, nor a soluble arsenical compound 
by dialysis, evaporate the mass in the porcelain dish, un the 
water-bath, to a pasty consistence ; adding, if occasion re- - 
quires, two-thirds of the stomach and intestines cut small, 
provided this has not been done already in the process of 
dialysis. . 

In examining other parts of the body (the lungs, liver, 
&c.), cut them also into small pieces, and use two-thirds 
for the analysis. 

The process is divided into nine parts.t 


1. Decoloration and Solution. 


Add to the matters in the porcelain dish, which may 284 
amount to, say 100 or 250 grainmes, an amount of hydro- 
chloric acid of 1°12 sp. gr., about equal to or somewhat ex- 

’ ceeding the weight of the dry substances present, and suf- 
ficient water to give to the entire mass the consistence of a 
thin paste. The quantity of hydrochloric acid added 
should never exceed one-third of the entire liquid present. 
Heat the dish now on the water-bath, adding every five 
minutes about two grammes of pure potassium chlorate to 
the hot fluid, with stirring, until the contents of the dish 
are light yellow, and also perfectly homogeneous and fluid ; 
replace the evaporating water from time to time. When 
this point is attained, add again a portion of potassium 
chlorate, and then remove the dish from the water-bath. 
When the contents are quite cold, transfer them cautiously 
to a linen strainer or a white filter, according to the quan- 
tity; allow the whole of the fluid to pass through, and heat 
the filtrate on the water-bath with renewal of the evapo- 
rating water, until the smell of chlorine has gone off or 


* This method is essentially the same as that which was published in 1844 
by L. v. BaBo and myself; compare Ann. d. Chem. u. Pharm., 49, 308. I 
have since that time had frequent occasion to apply it; I have also had it 
tried by others, under my own inspection, and J have invariably found tt tc 
answer the purpose perfectly. ; 

+I need hardly observe that, in an analysis of this kind, too much care 
cannot be taken to insure the purity of the reagents and the cleanliness of the 


apparatus 
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nearly so. Wash the residue well with hot water, and 
dry it; then mark it L, and reserve for further examina- 
tion, according to 247, Evaporate the washings on the 
water-bath to about 100 grammes, add this, together with 
aly preeipitate that may have formed therein, to the prin- 
cipal filtrate. 


’ 
q 
‘ 


3. Treatment of the Solution with Hydrosulphurie Acid. 236 
(Separation of the Arsenic as Trisulphide, and of all the 
Metals of Groups V. and VI. in form of Sulphides.) 


‘Transfer the fluid obtained in 1, which amounts to three 
or four times the quantity of the hydrochloric acid used, 
to a flask, heat this on the water-bath to 70°, and transmit 
through it, for about 12 hours, a slow stream of washed 
hydrosulphurie acid, then let the mixture cool, continuing 
the transmission of the gas; rinse the delivery-pipe with 
some ammonia, add the ammoniated solution thus obtained, 
after acidifying, to the principal fluid, cover the flask 
lightly with unsized paper, and put it in a moderatély warm 
place (about 30°) until the odor of hydrosulphuric acid has 
nearly disappeared. Collect the precipitate obtained in 
this manner on a filter, and wash with water containing 
hydrosulphuric acid until the washings are quite free from 
chlorine. Concentrate the filtrate and washings. If a 
precipitate forms filter it off, wash and add it to the prin- 
cipal hydrosulphnric acid precipitate. Mix the concen- 
trated fluid in a proper-sized flask with ammonia to alka- 
line reaction, then with ammonium sulphide, closely cork 
the flask, which must now be nearly full, and reserve it 
for further examination according to 251. 


3. Purification of the Precipitate produced by Hydro- 236 
ee sulphuree Acid. 


The precipitate obtained in 2 contains the whole of the 
arsenic and all the other metals of the fifth and sixth 
groups, in the form of sulphides, and also organic matter 
aud free sulphur. Dry it with the filter completely in a 
small dish, over the water-bath, add pure fuming nitric 
acid (free from chlorine), drop by drop, until the mass is 
completely moistened, then evaporate on the water-bath to 
dryness. Moisten the residue uniformly all over with pure 
concentrated sulphuric acid, previously warmed; then 
heat for two or three hours on the water-bath, and finall 
with an air- sand- or oil-bath at a somewhat higher, thoug 
still moderate temperature (170°), until the charred mass 
becomes friable, and a small sample of it—to be returned 
afterwards to the mass—when mixed with water and then 
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5 

allowed to subside, gives a colorless fluid; should the 
aqueous fluid be brownish, or should the residue consist of 
a brown oily liquid, add to the mass some cuttings of pure 
Swedish filtering-paper, and continue the application of 
heat. You may raise the heat till fumes of sulphuric acid 
begin to escape without fear of loss of arsenic. By attend- 
ing to these rules you will always completely attain the 
} object in view, viz., the destruction of the organic sub- 
1 stances, without loss of any of the metals. Warm the resi- 
: due on the water-bath with a mixture of 8 parts of water 
i and 1 part of hydrochloric acid, filter, wash the undissolved 
part thoroughly with hot water, containing a little hydro- 
. chlorie acid, and add the washings, concentrated if neces- 
i sary, to the filtrate. 
: Dry the washed carbonaceous residue, then mark it II., 
and reserve it for further examination according to 248, 


4, Preliminary Hxamination hes Arsenic and other 237 
: Metallic Poisons of Groups V. and VI. (Second Pre- 
: cipitation with Hydrosulphurie Acid.) 


The clear and colorless or, at the most, somewhat yel- 
lowish fluid obtained in 3 contains all the arsenic in form 
of arsenious acid, and may contain also tin, antimony, mer- 
cury, copper, bismuth, and cadmium. Supersaturate a 
small portion gradually with a mixture of ammonium car- 
bonate and ammonia, and observe whether a precipitate is 
produced, acidify with hydrochloric acid, which will redis- 
solve the precipitate that may have been produced by am- 
monia; then return the sample to the principal fluid, and 
treat the latter with hydrosulphuric acid, first at a gentle 
heat, afterwards without heat, according to 235, 

This process may lead to three different results, which 
are to be carefully distinguished. 

a. The hydrosulphuric acid fails to produce a pre- 238 
cipitate ; but on standing a trifling white or yellow- 
‘ish-white precipitate separates. In this case probably 
no metals of Groups V. and VI. are present. Never- 
theless, treat the filtered and washed precipitate as 
directed 241, to guard against overlooking even the 
minutest traces of arsenic, &e. 

b. A precipitate is formed, of a pure yellow color ; 239 
like that of arsenious sulphide. Take a small portion 
of the fluid, together with the precipitate suspended 
therein, add some ammonia, and shake for some time 
without heating. If the precipitate dissolves readily 
and, with the exception of a trace of sulphur, com- 
pletely, and if in the preliminary examination (237), 
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ammonium varbonate has failed to produce a precipi- 
tate, arsenic alone is present, and no other metal (at 
least, if any tin or antimony is present, it is not worth 
mentioning). Mix the solution of the small sample in 
ammonia, with hydrochloric acid to acid reaction, re- 
turn this to the fluid containing the principal precipi- 
tate and proceed as directed 241 If, on the other 
hand, the addition of ammonia to the sample com- 
pletely or partially fails to redissolve the precipitate, 
or if, in the preliminary examination (237), ammo- 
nium carbonate has produced a precipitate, there is 
reason to suppose that another inetal is present, per- 
haps with arsenic. In this latter case, also, add to the 
sample in the test-tube hydrochloric acid to acid re- 
action, return it to the fluid containing the principal 
precipitate, aud proceed as directed 242, 
c. A precipitate is formed of another color. In 240 

that case you have to assume that other metals are 
present, perhaps with arsenic. Proceed as directed 


5. Treatment of the Yellow Precipitate produced by Hy- 241 
drosulphuric Acid, when the Lesulis of 239 lead to the 
Assumption that Arsenic alone is present. (Determina- 
tion of the Weight of the Arsenic.) 


As soon as the fluid precipitated according to 237 has 
nearly lost the smell of sulphuretted hydrogen, collect the 
yellow precipitate on a small filter, wash thoroughly, pour 
upon the still moist precipitate solution of ammonia, and 
wash the filter—on which, in this case, nothing must re- 
main undissolved, except some sulphur—thoroughly with 
dilute ammonia; evaporate the fluid in a sinall accurately 
tared porcelain dish, on the water-bath, and dry the residue 
at 100° until the weight is constant. The final weight re- 
presents the quantity of arsenious sulphide, if upon the 
subsequent reduction this is found to be pure; in that case, 
multiply the weight by °8049 to obtain the corresponding 
amount of arsenious oxide, or by *6098 to obtain the cor- 
responding amount of metallic arsenic. Treat the residue 
in the dish according to 244, 


6. Treatment of the Yellow Precipitate produced by Hydro- 242 
sulphuric Acid, when the Results of 289 or 240 lead to 
the Assumption that another Metal is present—perhaps 
with Arsenic. (Separation of the Metals from each » 
“other. Determination of the Weight of the Arsenic.) 


If you have reason to suppose that the fluid precipitated 
according to 237 contains other metals, perhaps with arse- 
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nic, proceed as follows:—As soon as the precipitation is 
thoroughly accomplished, and the smell of sulphuretted 
hydrogen has nearly gone off, collect the precipitate on a 
small filter, wash thoroughly, pierce the filter, and wash all 
the precipitate into a small flask, using the least possible 
quantity of water; add to the fluid in which the precip- 
tate is now suspended, first ammonia, then some yellowish 
ainmoninm sulphide, and let the mixture digest for some 
time at a gentle heat. Should part of the precipitate re- 
~ main undissolved, filter this off, wash, pierce the filter, 
rinse off the residuary precipitate, mark it III., and re- 
serve for further examination according to 249, Evaporate 
the filtrate, together with the washings, in a small porcelain 
dish to dryness. Treat the residue with some pure fuming 
nitric acid (free from chlorine), nearly drive off the acid 
by evaporation, then add, as C. Mryrr was the first to re- 
commend, a solution of pure sodium carbonate, in small 
portions till in excess. Add now a mixture of 1 part of 
carbonate and 2 parts of nitrate of sodium in sufficient, yet 
not excessive quantity, evaporate to dryness, and heat the 
residue very gradually to fusion. Let the fused mass cool, 
and take it up with cold water. If a residue remains un- 243 
dissolved, filter, wash with a mixture of equal parts of 
alcohol and water, mark it LV., and reserve for further ex- 
amination, according to 250, Mix the solution which con- 
tains all the arsenic as sodium arsenate, with the washings, 
previously freed from alcohol by evaporation, add cauti- 
ously pure dilute sulphuric acid to strongly acid reaction, 
evaporate in a small] porcelain dish, and when the fluid is 
strongly concentrated, add again sulphuric acid, to see 
whether the quantity first added has been sufficient to ex- 
pel all nitric acid and nitrous acid; heat now cautiously 
until heavy fumes of sulphuric acid begin to escape; then 
let the liquid cool, add water, transfer the solution to a 
small flask, keep heated at 70°, and conduct into it for at 
least 6 hours a slow stream of washed hydrosulphuric acid. 
Let the mixture finally cool, continuing the transmission 
of the gas all the while. If arsenic is present, a yellow 
precipitate will form. When the precipitate has completely 
subsided, and the fluid has nearly lost the smell of sulphu- . 
retted hydrogen, filter, wash the precipitate, dry it, extract 
the free sulphur with pure carbon disulphide, dissolve in 
ammonia, and treat the solution according to 241, in order 
to determine the weight of the arsenic. 


eS 
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7. Eeduction of the Arsenious Sulphide. 


The production of metallic arsenic from the sulphide, 244 
which may be regarded as the keystone of the whole pro- 
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cess, demands the greatest care and attention. The method 
recommended § 1382, 12, viz., to fuse the arsenical com- 
pound, mixed with potassium cyanide and sodium car- 
bonate, in a slow stream of carbon dioxide, is the best and 
safest, affording, besides the advantage of great accuracy, 
also a positive guarantee against the chance of confounding 
the arsenic with any other body, more particularly antimony ; 
on which account it is especially adapted for medico-legal 
investigations. 


Fig. 48. 


Take care to have the whole apparatus filled with car- 
bon dioxide, and to give the proper degree of force to the 
gaseous stream, before agplyie heat. The apparatus 
shown in fig. 43, which has been described on p. 55, may 
be used. It is charged with lumps of marble, and with 
dilute HCl. The current of gas is dried by passing through 
concentrated sulphuric acid in the small flask. 

Do not reduce the whole of the arsenious sulphide at 
once, so that if you wish afterwards you may repeat the 
rednetion several times. If there is too little arsenious 
sulphide to be divided, dissolve it in a few drops of am- 
monia, add a small quantity of sodium carbonate, evapo- 
rate to dryness on the water-bath with stirring, and take a 
portion of the mass for the reduction. : 

Orro recommends * to convert the sulphide into an arse- 246 
nate, before proceeding to the reduction. Tltefollowingis 
the process given by him to effect the conversion: Pour con- 
centrated nitric acid over the sulphide in the dish, evaporate, 
and repeat the same operation several times if necessary, 


* Anleitung zur Ausmittelung der Gifte, von Dr. Fr. Jun. Orro. 
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* then remove every trace of nitric acid by repeatedly mois- 
tening the residue with water, and drying again, treat the 
residue with a few drops of water, add sodium carbonate 
in powder, to forman alkaline mass, and thoroughly dry this 
in the dish, with frequent stirring, taking care to collect the 
mass within the least possible space in the middle of the 
dish. The dry mass thus obtained is admirably adapted for 

. reduction. I can fully confirm the statement; but I must 

7 once more repeat that it is indispensable for the success of 

the operation that the residue should be perfectly free from 

| every trace of nitric acid or nitrate, since otherwise defla- 
gration is sure to take place during the fusion with potas- 
sium cyanide, and, of course, the experiment will fail. 

When the operation is finished, cut off the reduction 246 

tube at ¢ (fig. 44), set aside the fore part, which contains the 
arsenical mirror, put the other part of the tube into a cyl- 
inder, pour water over it, and let it stand some time; then 
filter the solution obtained, add to the filtrate hydrochloric 
acid to acid reaction; then conduct some hydrosulphuric 
acid into it, and observe whether this produces a precipi- 


tate. In cases where the reduction of the arsenious sul- 
phide has been effected directly, without previous conver- 
sion to arsenic acid, a trifling yellow precipitate will 
usually form; had traces of antimony been present, the 
precipitate would be orange-colored and insoluble in am- 
monium carbonate. After all the soluble salts of the fused 
mass have been dissolved out, examine the metallic residue 
which may be left, for traces of tin and antimony (nothing 
but traces of these two metals could be present here if the 
instructions given have been strictly followed). Should 
appreciable traces of these metals, or either of them, be 
found, proper allowance must be made for this in calculat- 
ing the weight of the arsenic. 


8. Examination of the reserved Residues, for other 
Metals of the Fifth and Sixth Groups. 


Residue I. This may contain silver chloride and lead 247 
sulphate, possibly also stannic oxide and barium sulphate. 
Incinerate it in a porcelain dish, burn the carbon with the 
aid of ammonium nitrate, extract the residue with water, 
dry the part left undissolved, then fuse it with sodium car- 
bonate and potassium cyanide in a porcelain crucible. 
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When cold exhaust with water, treat the residue with dilute 
acetic acid to extract any barium carbonate, warm any 
residue which may still be left with nitric acid, and pro- 
ceed according to § 181. Test the acetic acid solution for 
barium with solution of calcium sulphate. 

Residue II, This may contain lead, mercury, and tin, 248 
possibly also antimony and bismuth. Heat it for some 
tine with nitrohydrochloric acid, and filter the solution; 
wash the residue with water, at first mixed with some 
hydrochloric acid, add the washings to the filtrate, and 
treat the mixture with hydrosulphuric acid. Should a pre- 
cipitate form, examine it according to § 191. Incinerate 
the residue insoluble in nitrohydrochloric¢ acid, fuse the 
ash with potassium cyanide- and treat the fused mass as 
directed 247, 

Leesidue ITT. Examine for the metals of the fifth group 24% 
according to § 186. 

Residue IV. This may contain tin and av'‘mony, per- 250 
haps also copper. ‘Treat it as directed 67, 1. the color of 
the residue was black (oxide of copper), treat the reduced 
metals according to § 181. 


9. Hxamination of the reserved filtrate for Metals of the 
Third and Fourth Groups, especially for Zine, Chro- 
mium, and Thallium.* 


a. The filtrate from the hydrosulphuriec acid pre- 251 
cipitate has already been mixed with ammonium sul- 
phide. The addition of this reagent is usually at- 
tended with the formation of a precipitate consisting 
of iron sulphide and calcinm phosphate, but which 
may possibly also contain zine sulphide, thallium sul- 
phide. and chromic hydroxide. Filter it off, wash 

’ with water containing ammonium sulphide, dissolve 
by warming with hydrochloric acid and a little nitrie 
acid, evaporate the filtrate with sulphuric acid in a re- 
tort till quite thick, and test the distillate with potas- 
sium iodide and platinic chloride, and also in the 
spectroscope, for 1HaLtium (§ 113, d), as a portion of 
this metal may have escaped with the hydrochloric 
acid. Treat the residue in the retort with water, filter, 
add sodium carbonate to alkaline: reaction, and then 
excess of solution of potassium cyanide (free from 
sulphide). Heat for some time, filter, reserve the 


* With reference to the poisonous action of thallium, compare LAMY, 
Journ, f. yrakt. Cherm. 91, 366. And for the electrolytic method of discover- 
ing thallium in chemico-legal cases, see MARMEé, Zeitschr. f. ana’. Chem. 6. 
503. 
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residue on the filter (a), mix the filtrate with ammo- 
nium stlphide, and examine the precipitate for THAL- 
LiuM in the spectroscope. Evaporate the filtrate to- 
gether with the residue a under a good draught with 
excess of sulphuric acid, till some of the latter begins 
to escape, dilute, filter, throw down with ammonia 
and ammonium sulphide, and test the precipitate for 
zinc and cuRomium according to 100-103, 


b. The fluid filtered from the precipitate produced 252 


by ammonium sulphide (251) may contain all the 
chromium, as ammonium sulphide fails to precipitate 


chromic hydroxide completely from solutions contain-. 


ing organic matter. To detect it, evaporate to dryness, 
ignite, mix the fixed residue with 3 parts of potassium 
chlorate and 1 part of sodium carbonate, and project 
the mixture into a crucible heated to moderate red- 
ness. Allow the mass to cool, and boil with water, 
when a yellow coloration of the fluid will indicate 
chromium. Jor confirmatory tests see § 1388. 


Il. Meruop ror tue Derecrion or Hyprocyantc Aci. 


§ 219. 


Under the term hydrocyanic acid we include potassium 258 


cyanide, which acts in the same way, and being extensively 
used in the arts is much more readily procurable. As 
hydrocyanic acid may easily decompose in presence of 
the matter of food or the contents of the stomach, the ana- 
lyst must proceed without unnecessary delay. However, 
the acid does not decompose with such extreme rapidity as 
might be imagined, and in fact it is some time before the 
whole of it is lost.* 

Although hydrocyanic acid betrays its presence, even in 
minute quautities, by its odor, still this sign must never be 
looked upon as conclusive. On the contrary, to adduce 
positive proof of the presence of the acid, it is always in- 
dispensable to separate it, and to convert it into certain 
known compounds. 

The method of accomplishing this, which I am about to 
describe, is based upon distillation of the acidified mass, 
and examination of the distillate for hydrocyanic acid. 
Now, as the non-poisonous salts, potassium ferro- and fer- 


* Thus I succeeded in separating a notable quantity of hydrocyanic acid 
from the stomach of a man who had poisoned himself with that acid in very 
hot weather, and whose intestines were not handed to me till 36 hours after 
death, Again, a dog was poisoned with hydrocyanic acid, and the conter/s 
of the stomach, mixed with the blood, were left for 24 hours exposed to-an ia- 


tense summer heat, and then examined: the acid was still detected. 
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ricyanide, give by distillation likewise a product contain- 
ing hydrocyanie acid, it is indispensable—as Orro observes 
—first to ascertain whether one of these salts may not be 
present. To this end, stir a small portion of the mass to 
be examined with water, filter, acidify the filtrate with hy- 
drochloric acid, and test a portion of it with ferric chlo- 
ride, another with ferrous sulphate. If no blue precipitate 
or coloration forms in either, soluble ferro- and ferricyan- 
ides are not present, and you may safely proceed as fol- 
lows. If a reaction is obtained proceed according to 258, 
Test, in the first place, the reaction of the mass under 254 
examination; if necessary, after mixing and stirring it 
with water. If it is not already strongly acid, add solution 
of tartaric acid until the fluid strongly reddens litmus- 
paper; introduce the mixture into a retort, and place the 
body of the retort, with the neck pointing outwards, in an 
iron or copper vessel, the bottom of which is covered with 
‘a cloth; fill the vessel with a solution of calcium chloride, 
and apply heat, so as to cause gentle ebullition of the con- 
tents of the retort. Conduct the vapors passing over, with 
the aid of a tight-fitting tube, bent at a very obtuse angle, 
through a Lreste’s condenser,* and receive the distillate in 
a small weighed flask. When about 15 cc. of distillate 
has passed over, remove the receiver, and replace it by a 
somewhat large flask, also previously tared. Weigh the 
contents of the first receiver now, and proceed as follows: 

a. Mix one-fourth with potassa to strongly alkaline 255 
reaction, add a small quantity of solution of ferrous 
sulphate, mixed with a little ferric chloride, digest a 
few minutes at a very gentle heat, and supersaturate 
finally with hydrochloric acid. A blue precipitate in- 
dicates hydrocyanic acid. If only a very small quan- 
tity is present, the fluid is at first merely colored green- 
ish, but on standing it will deposit blue flakes. 

b. Treat another fourth as directed § 155, 7, to con- 256 
vert the hydrocyanic acid into ferric sulphocyanide. 
As the distillate might, however, contain acetic acid, 
do not neglect to add at the end of the process a little 
more hydrochloric acid, in order to destroy the influ- 
ence of the ammonium acetate. 

c. If the experiments a and 6 have demonstrated 257 ~ 
the presence of hydrocyanic acid, and you wish 
now also to approximately determine its quantity, 
continue the distillation as long as the fluid passing 
over contains hydrocyanic acid ; add one-half of the 


* In testing for phosphorus at the same time, the condenser must be en- 
tirely of glass, and the operation must be conducted in a perfectly dark reom. 
Compare 262, 
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contents of the second receiver to the remaining half 
of the contents of the first, mix the fluid with silver 
nitrate, then with ammonia in excess, and finally with 
nitric acid to strongly acid reaction. Allow the pre- 
cipitate which forms to subside, collect on a tared fil- 
ter dried at 100°, wash the precipitate, dry it thor- 
oughly at 100°, and weigh. Ignite the weighed pre- 
cipitate in a small porcelain crucible, to destroy the 
silver cyanide, fuse the residue with sodium carbon- 
ate (to effect the decomposition of the silver chloride 
which it may contain), boil the mass with water, filter, 
acidify the filtrate with nitric acid, and precipitate 
with silver nitrate; determine the weight of the sil- 
ver chloride which may precipitate, and deduct the 
amount found from the total weight of the chloride 
and cyanide of silver. The difference gives the quan- 
tity of the latter; by multiplying this by 2017, you 
find the corresponding amount of anhydrous hydro- 
cyanic avid; and by multiplying this again by 2—as 
only one-half of the distillate has been used—you find 
the total quantity of hydrocyanic acid which was 
present in the examined mass. Instead of decompos- 
ing the fused silver precipitate by fusion with sodium 
carbonate, it may be reduced also by means of zine, 
with addition of dilute sulphuric acid, and the chlo- 
rine determined in the filtrate. 

Instead of pursuing this indirect method, you may 
also determine the quantity of the hydrocyanic acid 
by the following direct method: introduce half of the 
distillate into a retort, together with powdered borax ; 
distil to a small residue, and determine the hydrocy- 
anic acid in the distillate as silver cyanide. Hydro- 
chlorie acid can no longer be present in this distillate, 
as the borax retains it in the retort (WAcKENRODER). 

When ferro- or ferricyanides have been detected, J. 258 
‘Orro recommends to slightly acidify the mass, to add pre- 
cipitated calcium carbonate in excess and to distil it at 40° 
or 50° on a water-bath. The hydroferro- and hydroferri- 
cyanic acids are retained by the calcium of the calcium 
carbonate, the hydrocyanic acid distils over. The distil- 
lation cannot be effected directly over the flame, as hydro- 
cyanic acid would pass into the distillate even when fer- 
rocyanides or ferricyanides alone were present. 


III. Meruop ror rue Derecrion or Puospnorvs. 
§ 220. 


Since pal wee paste has been employed to poison 259 
mice, &c., and the poisonous action of lucifer matches has 
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become more extensively known, phosphorus has not un- 
frequently been resorted to as an agent for committing 
murder. The chemist is therefore occasionally called 
upon to examine some article of food, or the contents of a 
stomach, for this substance. It is obvious that, in cases of 
the kind, his whole attention must be directed to the sep- 
aration of the phosphorus in the free state, or to the pro- 
duction of such reactions as will enable him to infer the 
presence of free phosphorus; since the mere finding of 
phosphorus in form of phosphates would prove nothing, 
as phosphates invariably form constituents of animal and 
vegetable bodies. 


A. Detection of Unowidized Phosphorus. 


1. Ascertain in the first place whether the presence of 260 
phosphorus is indicated by its smell, or by its luminosity in 
the dark. To this end take care to increase the contact 
of the phosphorus with the air, by rubbing, stirring, or 
shaking. 

2. Put a little of the substance into a flask, fasten to the 261 
loosely inserted cork astrip of filtering-paper moistened with 
neutral solution of silver nitrate, and heat to 30° or 40°. 
If the paper does not turn black, even after some time, no 
unoxidized phosphorus is present, and there is consequently 
no need to try 8 and 4, but the operator may at once pass 
on to 268, If, on the other hand, the paper turns black, 
this is no positive proof of the presence of phosphorus, as 
hydrosulphurie acid, formic¢ acid, putrefying matters, &c., 
will also cause blackening of the paper. ‘Treat therefore 
the principal mass of the substance now by the methods 3 
and 4. (To ascertain whether the blackening proceeds 
from the presence of hydrosulphuric acid, try the reaction 
with a strip of paper moistened with solution of lead or 
with trichloride of antimony.)—T. ScuErrr.* 

3. As the luminosity of phosphorus is always one of the 262 
most striking proofs of the presence of that element in the 
unoxidized state, examine a large portion of the substance 
hy the following excellent and approved method, recom- 
mended by E. Mrrscuerticn : + 

Mix the substance with water ard some sulphurie acid 
or-——if you are testing for hyd” -syanic acid at the same 
time—tartaric acid, and subjes, the mixture to distillation 
in a flask, A (fig. 45). This dask is connected with an evo- 
lutiun tube, 6, and the latter again with a glass condensing 
tube, ¢ cc, which passes through the bottom of a eylinder, 


* Ann. d. Chem. u. Pharm, 112, 214. 
+ Journ. f. prakt. Chem. 66, 238, 
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£, in which it is fastened by means of a cork, and opens 
into a glass vessel, C. Cold water is made to run from D 
chrongh a stopcock, into a funnel, 7, the lower end of 
which rests upon the bottom of B, the water flows off 
through g.* 

Now, if the substance in A contains phosphorus, there 


357 


will appear, in the dark, at the point 7,a strong lumi- . 


nosity, usually a luminous ring. If you take for distillation 
150 grm. of a mixture containing only 15 mgrm. of phos- 


Fig. 45, 


phorus, and accordingly only 1 ath in 100,000, you may 
distil over 90 grm., which will take at least half an hour— 
without the Inminosity ceasing. Mirscnerticu, in one of 
his experiments, stopped the distillation after half an hour, 
allowed the flask to stand uncorked for a fortnight, and 
then recommenced the distillation: the luminosity was as 
strong as at first. 


* A glass LIEBIG’s condenser may of course be used instead of this appa 


ratus. ; see 


om 
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If the fluid contains substances which prevent the lumi- 
nosity of phosphorus, such as ether, alcohol, or oil of tur- 
pentine, no luminosity is observed so long as these sub- 
stances continue to distil over. In the case of ether and 
alcohol, however, this is soon effected, and the luminosity 
accordingly very speedily makes its appearance; but oil 
of turpentine positively stops the reaction. 

After the termination of the process, globules of phos- 263 
phorus are found at the bottom of the receiver. Mrrscuxrr- | 
Licu obtained from 150 grm. of a mixture containing °02 
grm. phosphorus, so many globules of that body, that the 
tenth part of them would have been amply sufficient to de- 
monstrate its presence. In medico-legal investigations 
these globules should first be washed with alcohol, then 
weighed. A portion may afterwards be subjected to a con- 
firmatory examination, to make quite sure that they really 
consist of phosphorus; the remainder, together with a por- 
tion of the fluid which shows the luminosity upon distilla- 
tion, should be sent-in with the report. 

The operation should be conducted in a dark place, best 
in the evening. Where it is performed in the daytime, * 
care should be taken to close all avenues to the entrance of 
light, as where this is not effectively done, the rays of light, 
entering through some chink or crevice, may chance to be | 
reflected by the gas vessel or by the fluids, and thus lead to | 
deception. It is advisable to pass the evolution tube at d, 
through the aperture of a screen, to guard effectively — . | 
against reflection of light from the lamp. These precan- | 
tionary measures are of course necessary only where very 
minute traces of phosphorus are to be detected. | 

The residue left in the flask is then examined for phos- 
phorous acid as directed 268, The distillate also may be 
further examined in the same way, to confirm the presence 
of phosphorus, or to show the presence of phosphorous 
acid formed by the oxidation of phosphorus fumes. 

4, Put another portion of the substance, with addition 264 
of water.if necessary, into a flask with.doubly perforated. 
cork, add dilute sulphuric acid to acid reaction, conduct 
washed carbon dioxide (evolved most conveniently from 
the evolution apparatus shown p. 350) in a slow stream, 
into the flask, through a glass tube reaching nearly to the 
bottom, and let the gas issuing from another glass tube, 
inserted into the other perforation of the cork, pass through 
one or two U tubes containing a neutral solution of silver 
nitrate. When the flask is filled with carbon dioxide, heat 


* In testing for hydrocyanic acid at the same time, it is best to collect the 
frst 15 c.c. of the. distillate separately, and to.examine this for hydrocyanic 
acid, the subsequent portions for phosphorus. 
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it gently on the water-bath. Continue the operation for 
several hours. If free phosphorus is present, it will vola- 
tilize unoxidized in the stream of carbon dioxide, then pass 
into the silver solution, where it will be partly converted 
into black silver phosphide, partly into phosphoric acid. If 
no precipitate forms, you may safely conclude that no un- 
oxidized phosphorus is present, whilst, on the other hand, 
the formation of a precipitate is not sufticient proof of the 
presence of phosphorus, as the precipitate may owe its for- 


mation to volatile reducing agents or to hydrosulphuric 
acid. 


Fig. 46. 


If a precipitate has formed, filter through a filter well 265 
washed with dilute nitric acid and water, and wash. The 
presence of silver phosphide in it may be shown be Bronp- 
Lor’s improved modification of Dusarr’s method,* sub- 
stituting, however, for the apparatus used by Bronptot, 
the one shown (fig. 46), which may be easily constructed, : 

a@ is a hydrogen-evolution bottle, d contains pumice-stoue 
moistened with concentrated solution of potassa, ¢ is a com- 
mon clip, d a screw clip, é a platinum jet, which is kept 
cool by tying moistened’ cotton round it. This platinum 
jet is indispensable to the production of a colorless hydro- 
gen flame, as the soda in the glass will always color the 
flame yellow. 

To ascertain whether the zine and sulphuric acid will 


* Zeitschr. f, anal. Chem. 1, 129, 
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give a gas quite free from phosphuretted hydrogen, let the 
evolution goon ashort time, then close ¢ until the fluid has 
ascended from @ to f. Close d, open ¢, and regulate d by 
means of the screws so as to obtain a suitable flame. If 
the flame, viewed in a dark place, is colorless, showing no 
trace of a green cone in the centre, and uo emerald-green, 
coloration when pressed upon by a piece of porcelain, as 
i Marsn’s experiment, the hydrogen may be considered 
pure. It is advisable to repeat the experiment. Iinse 
the precipitate under examination into jf, take care that 
every particle of it reaches a, then repeat the experiment 
again. If the precipitate contains even a minute trace of 
stlver phosphide, the green cone in the centre of the flame 
and the emerald-green coloration will now become dis- 
tinctly visible. | 

Itemove the excess of silver from the solution filtered 266 
from the silver precipitate, by hydrochloric acid, pass 
through a filter well washed with acid and water, remove 
the hydrochloric acid by evaporation on the water-bath, 
take up. with nitric acid, and test for phosphoric acid with 
nm lybdi¢ solution, or with a mixture of magnesium sul- 
B ate, ammonium chloride, and ammonia (NrEuBAUER aud 
*){SSENIUS™), 

We obtained by this method the clearest evidence of the 
piesence of phosphorus in a large quantity of putrid blood 
mixed with the head of a common lucifer match; aud this 
even in presence of substances which prevent the lumi- 
nosity of the phosphorus in Mrrscuerticn’s method. 

5. If there is sufficient phosphorus present to permit 267 
a quantitative determination, this may be effected by 
Scurrer’s modification of Mrrscuxerticn’s method, viz., 
b:' distilling the mass, acidified with sulphuric acid, in an 
atmosphere of carbon dioxide. I would suggest, with re- 
spect to this, to have the distilling flask furnished with a 
doubly perforated cork, and to transmit pure carbon di- 
oxide until the apparatus is filled with it, but then to shut 
off the gas stream. A flask with doubly perforated cork 
serves for receiver; the mouth of the condensing tube 
passes into one of the openings; into the other is inserted 
a bent glass tube, which leads to a U tube containing a solu- 
tion of pure silver nitrate. 

When the distillation is over, minute globules of phos- 
phorus are found in the receiver. A moderate stream of 
carbon dioxide is now once more transmitted through the 
apparatus, and a gentle heat applied, with a view to éffect 
the formation of larger globules by aggregation. These 
sre then washed and weighed as in MrrscuErticu’s method. 


* Zeitschr, f. anal, Chem. 1, 336. 
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The fluid poured off the phosphorus globules is luminous 
in the dark when shaken. It requires, however, a larger 
proportion of phosphorus to obtain distinct luminosity in 
this way than is the case with MrrscuErticn’s method. The 
phosphorus in the fluid may, after oxidation by nitric acid 
or chlorine, be determined as phosphoric acid. However, 
the result is reliable only if the operation has been con- 
ducted with the requisite care to guard against the spirting 
over of portions of the boiling fluid, which often contains 
phosphorie acid. To obtain the remainder of the phos- 
phorus, treat the contents of the U tube with nitric acid, 
throw down the silver by hydrochloric acid, filter through 
a washed filter, concentrate in a porcelain dish, precipi- 
tate the phosphoric acid as ammonium magnesium phos- 
phate, and weigh it as magnesium pyrophosphate. 


B. Detection of Phosphorous Acid. 


Should all attempts to detect phosphorus fail, try 268 
whether it may not be practicable to find the first product 
of its oxidation, ¢.¢., phosphorous acid. For this purpose 
transfer the residue left in the distilling flask in 262 or 
in 267, or the residue left in 264, to the apparatus illus- 
trated by fig. 46, having previously tested the purity of 
the zine and sulphuric acid, then proceed according to 
the instruction of 265, and observe whether the coloration 
of the hydrogen flame reveals the presence of phosphorus 
(Wo6ntER). Should this be the case, the end in view is 
attained ; if not, the presence of organic substances may 
be the preventive cause. If, therefore, the flame remains 
uncolored, shut the clip at once, connect with the appara- 
tusa U tube containing neutral solution of silver nitrate, 
open the clip again, and let the gas pass for many hours, 
in a slow stream, through the silver solution. If phos-  ° 
phorous acid is present, a precipitate containing silver phos- 
phide will separate in the silver sclution ; examine it ac- 


cording to 265.* 


3. Hxamination of the Inorganic Constituents of 
Plants, Animals, or Parts of the same, of Manures, 
cde. (Analysis of Ashes). 
§ 221. 
A. Preparation or THE AsH. . 
It is sufficient for the purposes of a qualitative analysis 269 
io incinerate a comparatively small quantity of the sub- 


* W. HERAPATH’S statement (Pharm. Journ., 1865, 573), that phosphoric 
acid is also reduced by zine and dilute sulphuric acid, I have not found to be 
in accordance with the facts. Compare my paper in the Zeitschr. f. anal 
- Cemh. 6, 208. - 
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stance, which must previously be most carefully cleaned. 
The incineration is effected best in a small clay muffle, 
but it may be conducted also in a Hessian crucible placed 
iu a slanting position, or under certain circumstances, even 
ii a porcelain or platinum dish, with the aid of a wide 
giass tube or lamp-glass, to increase the draught. The 
heat must always be moderate, to prevent the volatilization 
of certain constituents, especially of chlorides. It is not 
always necessary to continue the combustion until all the 
carbon is consumed. With ashes containing a large pro- 
portion of fusible salts, as the ash of beet-root molasses, it 
is best, after thorough carbonization has been effected, to 
boil with water, nto finally to incinerate the washed and 
dried residue. For further particulars see Quantitative 
Analysis. 


B. EXxaminatTION oF THE ASH. 


As the qualitative analysis of an ash is undertaken, either 270 | 
as a practical exercise, or for the purpose of determining 
its general character, and the state in which any given con- 
stituent may happen to be present, or also with a view to 
make, as far as practicable, an approximate estimation of 
the quantities of the several constituents, it is usually the 
best way to examine separately the part soluble in water, 
the part soluble in hydrochloric acid, and the residue 
which is insoluble in both. This can be done the more 
readily, as the number of bodies to be looked for is but 
small, ; 


a. Examination of the Part soluble in Water. 


* Boil the ash with water, filter, and whilst the residue is 
being washed, examine the solution as follows: 

1. Add to a portion, after heating. it, HCl in excess, 271 
warm, and allow to stand. Effervescence indicates cAR 
BONIC AcID combined with alkali metals; smell of H,§ in- 
dicates the suLPHIDE OF AN ALKALI METAL, formed from an 
alkali sulphate by the reducing action of carbon. Turbid- 
ity from separation of sulphur, with smell of sulphur di- 
oxide, denotes a THIOSULPHATE (HYPOSULPHITE) (which 
occurs occasionally in the ash of coal). Filter if necessary, 
and add Ba Cl, to the fluid; a white precipitate indicates 
BULPHURIC ACID. ‘ 

2. Evaporate another portion to a small volume, add 272 
H Cl to acid reaction (effervescence indicates CARBONIC 
Aotp), test a few drops for Boric acip with turmeric, evap- 
orate to dryness, and treat the residue with HCl and 
water; a residue consists of smicic acip. Filter, add 
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N H,O8 and magnesium mixture ; a white precipitate in- 
dicates PHospHoRiC Acrip. Iustead of this reaction, you may 
also mix the fluid filtered from the silicic acid with sodium 
acetate, and then cautiously add ferric chloride, or you may 
evaporate with excess of H N O, on the water-bath to dry- 
ness, treat the residue with HN O,, and test with molyb- 
dic solution (§ 142). 

3. Add to another portion Ag N O, as long as a precip- 278 
itate continues to form; warm gently, and then cautiously 
add N H,O H; if a black residue is left, this consists of 
silver sulphide, proceeding from the sulphide of an alkali- 
metal, or from a thiosulphate. Tilter if necessary, add 
ILN O, in slight excess, to effect the solution of the silver 
phosphate precipitate formed, leaving thus only sILvER 
CHLORIDE (iodide,* bromide) undissolved. Filter, and ex- 
amine the precipitate as directed 122, neutralize the fil- 
trate exactly with ammonia. If this produces a light- 
yellow precipitate, orthophosphoric acid was present, if a 
white precipitate pyrophosphoric acid was present in 272. 

4, Heat a portion with HCl, then make it alkaline 274 
with NH,O H; mix with (NH,),C, O,, and allow to 
stand. A white precipitate indicates catcivum. Filter 
and mix the filtrate with NH,OUW and Na, HPO,; 
a crystalline precipitate, which often becomes visible 
only after long standing, indicates Maanusium. (Mag- 
nesium is often found in distinctly appreciable, calcium 
only in exceedingly minute quantity, even where alkali 
carbonates and phosphates are present.) 

- 5, For porasstum aud sopium examine as directed § 190. 
If magnesium is present, first neutralize with hydrochloric 
acid, aud remove the magnesium as directed § 189, 2. 

6. Lirutum, which is much more frequently found in 
ashes than has hitherto been believed, and rusmrum, which 
almost constantly accompanies potassium, may be most 
readily detected by the spectroscope in the residue consist- 
ing of the alkali salts. 


b. Examination of the sus soluble in Hydrochloric 
Aes 


Warm the residue left undissolved by water with H Cl+ 275 
—effervescence indicates caRBoNIC AciD combined with alkali- 
earth metals; evolution of Cl denotes oxipEs oF MANGA- 
neseE. Evaporate to dryness with a few drops of H,S0O,, 
heat a little more strongly to separate the siLicic AorD, 


* To detect the iodine in aquatic plants, dip the plant in weak solution of 
a (CHATIN), dry, incinerate, treat with water, and examine the solu- 
tion as directed (258), : 
+ If the residue still contains much carbon, afier further incineration. 
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moisten the residue with II Cl aud some H N O; add water, 
warm, and filter. Examine the precipitate for BARIUM 
and srronvium according to 199, iidmnin the solution as 
follows : 

J. Test a portion with H,S. If this produces any other 
than a perfectly white precipitate, you must examine it in 
the usual way. (The ashes of plants occasionally con- 
tain copprr; if the plant has been manured with excre- 
ments deodorized by lead nitrate, they may contain Leap,’ 
and so on.) 

2. Mix a portion with Na, C O,, as long as the precipitate 276 
formed redissolves upon stirring; then add sodium acetate, 
and some acetic acid. This produces, in most cases, a white 
precipitate of FERRIC PHOSPHATE, mixed occasionally with 
ALUMINIUM PuosPHATE. Filter, wash the precipitate, heat 
it with pure K OH, filter and test the filtrate for atumt- 
nium by acidifying with H Cl, adding N H, O H, and warm- 
ing. If the filtrate is reddish, there is more iron present 
than corresponds to the phosphori¢ acid; if it is colorless, 
add ferric chloride drop by drop till the fluid is reddish. 

The quantity of the precipitate of ferric phosphate here 
formed will give you some idea of the amount of pHosPHORIC 
acip present.) Boil, if the fluid does not lose its color, add 
more sodium acetate and boil again, filter hot, neutralize 
the filtrate exactly with NH,O H, mix with (N H,), 8 ina 
flask, fill up the latter, close the mouth, allow to stand some 
time and filter. Test the precipitate according to 85 for 
MANGANESE and zinc (the latter is seldom present) ; test the 
filtrate for caLctum and magnesium (274). The calcium * 
may contain a little srronrium, and must therefore be tested 
according to p. 115. 

Test the rest for fluorme according to § 146, 6. 


c. Hxamination of the Residue insoluble in Hydro 
chloric Acid. 


The residue insoluble in H Cl contains, 
tg 1, The silicic acid, which has separated on treating with 277 

Cl. 

2. Those ingredients of the ash which are insoluble in 
HCl. These are, in most ashes, sand, clay, carbon; sub- 
stances, therefore, which are present in consequence of de- 
fective cleaning or imperfect combustion of the plants, or 
matter derived from the crucible. It is only the ashes of 
the stalks of cereals and others abounding in silicic acid 
that are not completely decomposed by HCl. 

Boil the washed residue with solution of Na, C O, in ex- 278 
cess, filter hot, wash with boiling water, and test for silicic 
acid in the filtrate by evaporation with 1 Cl-(§ 150, 2). - If 
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the ash was of a kind to be completely decomposed by 
JL Cl, the analysis may be considered finished—for the ac- 
cidental admixture of clay and sand will rarely interest the 
analyst sufficiently to warrant a more minute examination 
by fusing. But if the ash abounded in silicic acid, and it 
may therefore be supposed that the H Cl has failed to effect 
complete decomposition, evaporate half of the residue in- 
soluble in solution of Na, C O, with pure solution of NaOH 
in excess, in a silver or platinum dish, to dryness. This 
decomposes the silicates of the ash, whilst but little affect- 
ing the sand. Acidify now with HCl, evaporate to dry- 
ness, &ec., and proceed as in 275, For the detection of the 
alkalies use the other half of the residue, treating this ac- 
cording to 172, 


SECTION ITI. 


EXPLANATORY NOTES AND ADDITIONS TO THE 
SYSTEMATIC COURSE OF ANALYSIS. 


I. ApprrionaL Remarxks to THE PrRetmINARY EXAMINATION 
To §§ 175-178. 


Tue inspection of the physical properties of a body may, as 
already stated, in many cases enable the analyst to draw certain 
general inferences as to its nature. Thus, for instance, if the 
analyst has a white substance before him, he may at once con- 
clude that it is not cinnabar, or if a iight substance, that it is 
not a compound of lead, &e. Inferences of this kind are quite 
admissible to a certain extent; but 1f carried too far, they are 
apt to mislead the operator, by blinding him to every reaction 
not exactly in accordance with his preconceived notions. 

As regards the examination of substances at a high tempera- 
ture, platinum foil or small iron spoons may also be used in the 
process ; however, the glass tube gives, in most cases, results 
more clearly evident, and affords moreover the advantage that 
volatile bodies are less likely to escape detection. To ascertain 
the products of oxidation of a body it is sometimes advisable 
also to heat it in a short glass tube, open at both ends, and held 
in a slanting position; small quantities of a metallic sulphide, 
for instance, may be readily detected by this means (§ 156, 6). 

With respect to the preliminary examination by means of 
the blowpipe, 1 have to remark that the student must avoid 
drawing positive conclusions, until he has acquired some prac- 
tice. A slight incrustation of the charcoal, which may seem 
to denote the presence of a certain metal, is not always a con- 
clusive proof of the presence of that metal; nor would it be 
safe to assume the absence of a substance simply because the 
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hlowpipe flame fails to effect reduction, or solution of cobalt 
nitrate fails to impart a color to the ignited mass, &c. The 
blowpipe reactions are, indeed, in most cases, unerring, but it 
is not always easy to produce them, and they are moreover 
liable to suffer modification by accidental cireumstances. 

The student should never omit the preliminary examination ; 
the notion that this omission will save time and trouble is very 
erroneous. 


II. ApprrionaL Remarks To THE SoLvrion, Erc., oF SUBSTANCES. 
To §§ 179-181. 


It is a task of some difficulty to fix the exact limit between 
substances which are soluble in water and those that are insolu- 
ble in that menstruum, since the number of bodies which are 
sparingly soluble in water is very considerable, and the transi- 
tion from sparingly soluble to insoluble is very gradual. Cal- 
cium sulphate, which is soluble in 480 parts of water, might 
perhaps serve as a limit between the two classes, since this salt 
may still be positively detected in aqueous solution by the deli- 
tate reagents which we possess for calcium and sulphuric acid. 

When examining an aqueous fluid by evaporating a few 
drops of it upon platinum foil, to see whether it holds a solid 
body in solution, a very minute residue sometimes remains, 
which leaves the analyst in doubt respecting the nature of the 
substance. In cases of the kind test, in the first place, the re- 
action of the fluid with litmus-papers ; in the second place, add 
to a portion of it a drop of solution of Ba Cl,; and lastly, to 
another portion some Na, 0 O,. Should the fluid be neutral, 
and remain unaltered upon the addition of these reagents, the 
analyst need not, as a general rule, examine it any further for 
bases or acids; since if the fluid contained any of those bases 
or acids which principally form sparingly soluble compounds, 
Ba Cl, and Na, C O, would have revealed their presence. The 
analyst may therefore feel assured that the detection of the 
substance of which the residue left upon evaporation consists 
will be more readily effected in the class of bodies insoluble in 
water. 

If water has dissolved any part of the substance under ex- 
amination, the student will always do well to examine the solu- 
tion both for acids and bases, since this will lead more readily 
to a correct apprehension of the nature of the compound and 
will give greater certainty—two advantages which will amply 
counterbalance the drawback of sometimes meeting with the 
same substance both in the aqueous and in the acid solution. 

The following substances (with few exceptions) are insoluble 
in water, but soluble in H Clor in HN O,: the phosphates, 
arsenates, arsenites, borates, carbonates and oxalates of all but 
the alkali-metals; also several tartrates, citrates, malates, ben- 
zoates and succinates; the oxides, hydroxides, and sulphides of 
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the heavy metals; alumina, magnesia; many of the metallic 
iodides and cyanides, &c. Nearly the whole of these com- 
pounds are, indeed, decomposed, if not by dilute, by boiling 
concentrated H Cl;* but this decomposition gives rise to the 
formation of insoluble compounds where silyer is present, and 
of sparingly soluble compounds in the presence of mercury (as 
mercurous salts) and lead. This is not the case with HN O,, 
and accordingly the latter effects complete solution in many 
cases where H Cl leaves a residue. On the other hand, however, 
HN O, leaves, besides the bodies insoluble in any simple acid 
antimonious oxide, metastannic acid, lead dioxide, &., undis 
solved, and dissolves many other substances less readily than 
H Cl—e. g., ferric oxide and alumina. 

Substances not soluble in water are therefore, briefly, to be 
treated as follows: try to dissolve them in dilute or concen- 
trated, cold or boiling HCl; if this fails to effect complete 
solution, try to dissolve a fresh portion in H N O,; if this also 
fails, treat the body with aqua regia, which is an excellent solv- 
ent, more particularly for metallic sulphides. To examine 
separately the solution in H Cl or in H N O,, on the one hand, 
and that in nitrohydrochloric acid on the other, is, in most 
cases, neither necessary nor desirable. To prepare a solution 
in HN O, or in aqua regia, where the nature of the substance 
does not absolutely demand it, is not advisable, as.a solution in 
II Cl is much better suited for precipitation by H,S. Nor is 
it advisable to concentrate a solution in aqua regia by evapora- 
tion, to drive off the excess of the acids, as the operation might 
lead to the escape of volatile chlorides, more particularly of 
AsCl,. It is therefore always best to use no more aqua regia 
than is just necessary to effect solution. Solutions prepared 
with II Cl generally contain the metals in the same state in 
which they were originally present (Ig, Cl, by protracted boil- 
ing with H Cl, gradually decomposes into Hg and Hg Cl,). On 
the other hand, solutions prepared with H N O, or aqua regia, 
frequently contain the metals in a higher state of quantivalence, 
thus, for instance, ferrous, stannous, and arsenious compounds 
ire converted into ferric, stannic, and arsenic compounds. 

With regard ¢o the solution of metals and alloys, I have to 
remark that, upon boiling them with H N O,, white precipi- 
tates will frequently form, although neither tin nor antimony 
be present. Inexperienced students often confound such pre- 
cipitates with the hydroxides of these two metals, although their 
appearance is quite different. These precipitates consist siin- 
ply of nitrates sparingly soluble in the H NO, present, but 
readily soluble in water. Consequently the analyst should as- 
ecrtain whether these white precipitates will dissolve in water 
o1 not, before he concludes that they consist of tin or antimony. 


* For the exceptions, see § 196, 
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TII. Apprrronat Remarks to toe Acruar ANALYSIS. 
To §§ 182-196. 


A GENERAL REVIEW AND EXPLANATION OF TNE ANALYTICAL 
Course. 


a. DETECTION OF TIE METALS. 


The classification of the metals into groups, and the meth- 
ods which serve to detect and isolate them individually, have 
been fully explained in Part L, Section II]. The systematic 
course of analysis, from § 182 to § 191, is founded upon this 
classification of the metals; and as a correct apprehension of 
it is of primary importance, I will here subjoin a brief expla- 
nation of the grounds upon which this division rests. Respect- 
ing the detection of the several metals individually, I refer the 
student to the recapitulations and separations in §§ 92, 99, et seq. 

The general reagents which serve to divide the metals inte 
principal groups are—HYDROCHLORIC ACID, NYDL:OSULPHURIO ACID, 
AMMONIUM SULPHIDE, and AMMONIUM CARBONATE: this is likewise 
the order of succession in which they are applied. Ammo: 
nium sulphide performs a double part. 

- Let us suppose we have in solution the whole of the metals, 
including both triad and pentad arsenic, and also calcium phos- 
phate, which latter may serve as a type for the salts of the 
alkali-earth metals, soluble in acids and reprecipitated unaltered 
by N H,O 8. 

Chlorine forms insoluble compounds only with silver and 
mercury (in mercurous state); lead chloride is sparingly solu- 
ble in water. If, therefore, we add to our solution : 


1. Hydrochloric Acid, 


we remove from it the metals of the first division of the fifth 
group, viz., the whole of the st:ver and the whole of the mzr- 
cuRY existing in MERcuRous form. From concentrated solu- 
tions a portion of the Leap may likewise precipitate as chlo- 
ride; this is, however, immaterial, as a sufficient quantity of the 
lead remains in the solution to permit the subsequent detection 
of this metal. 

Hydrosulphuric acid completely precipitates the metals of 
the fifth and sixth groups from solutions containing a free 
mineral acid, EVEN THOUGH THE ACID BE PRESENT IN EXCESS. 
But none of the other metals are precipitated under these cir- 
cumstances, since those of the first and second groups form 
no insoluble sulphur compounds; the sulphides of the third 
th (aluminium sulphide and chromium sulphide) cannot be 
ormed in the humil way; while those of the fourth group 
cannot exist in preseuce of A STRONG ACID IN THE FREE STATE. 

If, therefore, after the removal of silver and (mercurous) 
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mercury, by means of hydrochloric acid, we add to the solution, 
which still contains free hydrochloric acid, 


2. Hydrosulphurie Acid, 


we remove from it the remainder of the metals of the fifth, to- 
gether with those of the sixth group, viz. Leap, (mercuric) 
MERCURY, COPPER, BISMUTH, CADMIUM, GOLD, PLATINUM, TIN, AN- 
tTimony, and arsenic. All the other metals remain in solution. 
The sulphides (at least the higher sulphides) of the metals of 
the sixth group combine with the sulphides of the alkali met- 
als, and form sulphur salts soluble in water; while the sul- 
phides of the metals of the fifth group do not possess this prop- 
erty, or possess it only to a limited extent.* If, therefore, we 
treat the whole of the sulphides precipitated by hydrosulphurie¢ 
acid from an acid solution, with— 


38. Ammonium Sulphide, 


with addition, if necessary, of some sulphur or yellow ammo- 
nium sulphide, the sulphides of mercury, lead, bismuth, and 
cadmium remain entirely, and that of copper partially, undis- 
solved, whilst the other sulphides dissolve completely as com- 
pounds of sulphide of GoLp, PLATINUM, ANTIMONY, TIN, ARSENIC, 
with ammonium sulphide, and precipitate again from this solu- 
tion upon the addition of hydrochloric acid, either unaltered 
or in a state of higher sulphuration (they take up sulphur from 
the yellow ammonium sulphide). The rationale of this precip- 
itation is as follows:—The acid decomposes the sulphur salt 
formed. The sulphur base (ammonium sulphide) is decomposed 
by hydrochloric acid into (ammonium) chloride and hydrosul- 
phuric acid; and the liberated sulphur acid precipitates. Sul- 
phur precipitates at the same time if the ammonium sulphide 
contains an excess of that element. The analyst must bear in 
mind that this eliminated sulphur makes the precipitated sul- 
hides appear of a lighter color than they are naturally. 

The sulphides corresponding to the metals still remaining in 
solution are part of them—as those of the alkali and alkali- 
earth metals—soluble in water; part—as those of aluminium 
and chromium—decomposed by water into hydroxides and hy- 
drosulphurie acid; part—as those of the fourth group—insolu- 
ble in water. These latter would accordingly have been pre- 
cipitated by hydrosulphuric acid, but for the free acid present. 
If, therefore, this free acid is removed, @.¢., if the solution is 
made alkaline, and then treated with more hydrosulphurie acid, 
if required, or, what will auswer both purposes at once, if 


* Mercuric sulphide combines with potassium sulphide and sodium sulphide, 
but not with ammonium sulphide. Cupric sulphide is more or less reduced 
to cuprous sulphide by ammonium sulphide and unites to it, but is unaf- 


fected by potassium sulphide or sodium sulphide 
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4, Ammonium Sulphide 


is added to the solution,* the sulphides of the metals of the 
fourth group will precipitate: viz., the SULPHIDES OF IRON, MAN- 
GANESH, COBALT, NICKEL, and zinc. But in conjunction with 
them, ALUMINIUM HYDROXIDE, CHROMIC HYDROXIDE, and CALCIUM 
PHOSPHATE are thrown down, because the tendency of ammo- 
nium to unite with the acid of the alumininm or chromic salt, 
or for that which keeps the calcium phosphate in solution, 
causes the elements of the ammonium sulphide to transpose 
with those of water, thus giving rise to the formation of am- 
monium hydroxide and of hydrosulphuri¢ acid. The former 
combines with the acid, the latter escapes, being incapable of 
entering into combination with the liberated hydroxides or with 
the calcium phosphate,—the hydroxides and the calcium salt 
precipitate. 

There remain now in solution only the alkali-earth metals 
and the alkali metals. The normal carbonates of the former 
are insoluble in water, whilst those of the latter are soluble. If, 
therefore, we now add 


5. Ammonium Carbonate, 


together with a little pure ammonia, to guard against the pos- 
sible formation of bicarbonates, tlhe whole of the alkali-earth 
inetals might be expected to precipitate. This is, however, the 
case only as regards BARIUM, STRONTIUM, and caLcium ;} of mag- 
nesium, we know that, owing to its disposition to form soluble 
compounds with ammonium salts, it precipitates only in part; 
and that the presence of additional ammonium salt will alto- 
gether prevent its precipitation, at least within a reasonable 
space of time. To guard against any uncertainty arising from 
this cause, ammonium chloride is added previously to the ad- 
dition of the ammonium carbonate, the mixture soon after fil- 
tered, and thrs the precipitation. of the magnesium is altogether 
pi erente L. 

We }b- now still in solution Macnrstum and the ALKALI 
mMérals. Tne detection of magnesium may be effected by 
means of sodium phosphate and ammonia; but its separation 
requires a different method, since the presence of phosphori¢ 
acid would impede the further progress of the analysis. The 


* After previous neutralization of the free acid by ammonia, to prevent un- 
necessary evolution of hydrosulphuric acid ; and after previous addition also, 
if necessary, of ammonium chloride to prevent the precipitation of magnesium 
hy ammonia. 

+ It has been already mentioned in § 99 that traces of these remain in so- 
lution partly because their earbonates are not absolutely insoluble in water, 
but principally because they are notably soluble in ammonium chloride. Ox 
account of this deportment we test the filtrate from the ammonium carbonate 
precipitate with ammonium sulphate and oxalate (164). In the general ex- 
planation of the course given in the text, these traces of barium, strontium, 
and calcium are not taken into account, 
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abe which serves to effect the removal of the magnesium is 
ased upon the insolubility of that earth in the pure state. The 
substance under examination is accordingly ignited in order to 
expel the ammonium salts, and the magnesium is then precipi- 
tated by means of baryta water, the alkalies, together with the 
newly formed barium salt and the excess of the baryta added, 
remaining in solution. By the addition of ammonium carbon- 
ate the barium is removed from the solution, which now only 
contains the alkali metals and ammonium salts. If the am- 
monium salts are then removed by ignition, the residue con- 
sists of the fixed alkali chlorides alone. But as barium car- 
bonate is slightly soluble in ammonium salts, and gives upon 
evaporation with ammonium chloride, ammonium carbonate, 
and barium chloride, it is usually necessary, after the expul- 
sion of the ammonium salts by ignition, to precipitate once 
“more with ammonium carbonate and a few drops of ammonium 
oxalate, in order to obtain a solution perfectly free from barium. 

Lastly, to effect the detection of the ammontum, a fresh por- 
tion of the substance must of course be taken. 


6. Drrection or THE AciIDs. 


Before passing on to the examination for acids and acid rad- 
icals, the analyst should first ask himself which of these sub- 
stances may be expected to be present, to judge from the na- 
ture of the detected metals and the class to which the substance 
under examination belongs with respect to its solubility, since 
this will save him the trouble of unnecessary experiments. 
Upon this point I refer the student to the table on p. 427. 

he general reagents applied for the detection of the acids 
are, for the inorganic acids BARIUM CHLORIDE and SILVER NI- 
TRATE; for the organic acids, CALCIUM CHLORIDE and FERRIC 
cutoripe. It is therefore indispensable that the analyst should 
first assure himself whether the substance under examination 
contains only inorganic acids, or whether the presence of or- 
ganic acids must also be looked for. The latter is invariably 
the case if the body, when ignited, turns black, owing to sepa- 
ration of carbon. In the examination for metals the general 
reagents serve to effect the actual separation of the several 
groups of metals from each other; but in the examination for 
acids they serve simply to demonstrate the presence or ab- 
sence of the acids belonging to the different groups. 

Let us suppose we have an aqueous solution containing the 
whole of the acids, in combination with sodium, for instance. 

Barium forms insoluble, or difficultly soluble, compounds 
with sulphuric acid, phosphoric acid, arsenious acid, arsenic 
acid, carbonic acid, silicic acid, boric acid, chromic acid, 
oxalic acid, tartaric acid, and citric acid; barium fluoride also 
is insoluble, or at least only sparingly soluble; all these com- 
pounds are soluble in hydrochloric acid, with the exception of 
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barium sulphate. If, therefore, to a portion of our neutral o1 
if necessary, neutralized solution, we add, , 


1. Barium Chloride, 


the formation of a precipitate will denote the presence of 
at least one of these acids. By treating the precipitate 
with hydrochloric acid we learn at once whether sulphuric 
acid is present or not, as all the salts of barium being solu- 
ble in this menstruum, with the exception of the sulphate, 
a residue left undissolved by the hydrochloric acid can 
consist only of the latter salt. Where barium sulphate is 
present, the reaction with barium chloride fails to lead to 
the positive detection of the whole of the other acids enu- 
merated; for upon filtering the hydrochloric solution of 
the precipitate and supersaturating the filtrate with ammo- 
nia, the borate, tartraté, citrate, &c., of barium do not always 
fall down again, being kept in solution by the ammonium chlo- 
ride formed. For this reason barium chloride cannot serve to 
effect the actual separation of the whole of the acids named, 
and, except as regards sulphuric acid, we set no value upon 
this reagent as a means of effecting their individual detection. 
Still it is of great importance as a reagent, since the non-for- 
ination of a precipitate upon its application in neutral or alka- 
line solutions proves at once the absence of so considerable a 
number of acids. 

The compounds of silver with sulphur, chlorine, iodine, bro- 
mine, cyanogen, ferro- and ferricyanogen, and with phosphorie 
acid, arsenious acid, arsenic acid, boric acid, chromic acid, 
silicic acid, oxalic acid, tartaric acid, and citric acid, are insolu- 
ble, or difficultly soluble in water. The whole of these compounds 
are soluble in dilute nitric acid, with the exception of the chloride, 
iodide, bromide, cyanide, ferrocyanide, ferricyanide, and sul- 
phide of silver. If, therefore, we add to our solution, which, 
for the reason just now stated, must be perfectly neutral, 


2. Silver Nitrate, 


and precipitation ensues, this shows at once the presence of one 
or several of the acids enumerated: chromic acid, arsenic acid, 
and several others, which form colored salts with silver, may 
be individually recognized with tolerable certainty by the mere 
color of the precipitate. By treating the precipitate now with 
nitric acid, we see whether it contains silver sulphide or any of 
the haloid compounds of silver, as these remain undissolved, 
whilst all the other salts dissolve. Silver nitrate fails to effect 

the complete separation of those acids which form with silver 
compounds sc htbis in water, from the same cause which ren. 
ders the separation of acids by barium chloride uncertain, viz., 
the ammonium salt formed prevents the reprecipitation by am- 
monia of several of the silver salts from the acid solution. 
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Silver nitrate, besides effecting the separation of chlorine, 
iodine, bromine, cyanogen, &c., and indicating the presence of 
chromie acid, &e., serves like barium chloride, to demonstrate 
at once the absence of a great many acids, where it produces ne 
precipitate in neutral solutions. 

The deportment which the solution under examination ex- 
hibits with barium chloride and with silver nitrate, indicates 
therefore at once the further course of the investigation. Thus, 
for instance, where barium chloride has produced a precipitate, 
whilst silver nitrate has failed to do so, it is not necessary to test 
for phosphorie acid, chromie acid, boric acid, silicic acid, arseni- 
ous acid, arsenic acid, oxalic acid, tartaric acid, and citric acid, 
provided always the solution was sufficiently concentrated and did 
not already contain ammonium salts. The same is the case if we 
obtain a precipitate by silver nitrate, but none by barium chloride. 

Returning now to the supposition which we have made here, 
viz., that the whole of the acids are present in the solution un- 
der examination, the reactions with barium chloride and silver 
nitrate would accordingly have demonstrated already the pres- 
ence of sULPHURIC AcrD and led to the application of the special 
tests for CHLORINE, BROMINE, IODINE, CYANOGEN, FERROCYANOGEN, 
FERRICYANOGEN, and suLpHUR;* and there would be reason to 
test for all the other acids precipitable by these two reagents. 
The detection of these acids is based upon the results of a series 
of special experiments, Which have already been fully described 
and explained in the course of the present work: the same re- 
mark applies to the rest of the inorganic acids, accordingly to 
nitric acid and chloric acid. 

Of the ore@antc acins, oxalic acid, paratartaric acid, and tar- 
taric acid, are precipitated by calcium chloride in the cold, in 
presence of ammonium chloride; ‘the two former immediately, 
the latter often only after some time; but the precipitation of 
calcium citrate is prevented by the presence of ammonium 
salts, and ensues only upon ebullition or upon mixing the solu- 
tion with alcohol; the fetter agent serves also to effect the sep- 
aration of calcium malate and succinate from aqueous solutions. 
Tf, therefore, we add to our fluid, 


3. Calcium Chloride in excess and Ammonium Chloride, 


OXALIC ACID, PARATARTARIC ACID, and TARTARIC ACID are precipi- 
tated, but the calcium salts of several inorganic acids, which 
have not yet been separated, calcium phosphate, for instance, 
precipitate along with them. We must therefore select for the 
wdividual detection of the precipitated organic acids such re- 
actions only as preclude the possibility of confounding the or- 
ganic acids with the inorganic acids that are thrown down along 
with them. For the detection of oxalic acid we select accord- 


* For the separation and special detection of these substances, I refer tc 
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ingly solution of calcium sulphate, with acetic acid (§ 145); te 
effect the detection of the tartaric and paratartaric acids, we 
treat the precipitate produced by calcium chloride with solu- 
tion of soda, since the calcium salts of these two acids only 
are soluble in this menstruum in the cold, but insoluble upon 
ebullition. 

Of the organic acids we have now still in solution citric acid 
and malic acid, succini¢ acid and benzoic acid, acetic acid and 
formic acid. Crrric actp, MALIC AcrD, and svccrNic ACID precip- 
itate upon addition of alcohol to the fluid filtered from the 
oxalate, tartrate, &e., of calcium, which still contains an excess 
of calcium chloride. Sulphate and borate of calvium invariably 
precipitate along with the malate, citrate, and succinate of cal- 
cium, if sulphuric acid and boric acid happen to be present; the 
analyst must therefore carefully guard against confounding the 
calcium precipitates of these acids with those of citric acid, 
malic acid, and succinic acid. The alcohol is now removed by 
evaporation, and 


4, Ferrie Chloride 


added to the perfectly nentral fluid. This reagent precipitates 
the BENzoro Acip and the rest of the succtnic acip as ferric salts, 
whilst Formic Acid and AcrTIC AciD remain in solution. The 
methods which serve to effect the separation of the several 
groups from each other, and the reactions on which the indi- 
vidual detection of the various acids is based, have been fully 
described and explained in the former part of this work. 


B. Sprcran Remarks AND ADDITIONS 'TO THE SystEMATIC CouRsE 
or -ANALYsIS. 


I will here call attention to several matters which were 
necessarily passed over in the description of the ordinary course 
of analysis, and I shall take the present opportunity of explain- 
ing how the course may be expanded to meet the detection of 
the RARE METALS. ; 


To § 182. 


At the commencement of § 182 the analyst is directed to 
mix neutral or acid aqueous solutions with hydrochloric acid 
This should be done drop by drop. If no precipitate forms 
a few drops are sufficient, since the only object in that case is 
to acidify the fluid in order to prevent the subsequent precipi- 
tation if the metals of the iron group by hydrosulphurie acid. 
In the case of the formation of a precipitate, some chemists 
recommend that a fresh portion of the solution should be acidi- 
fied with nitric acid. owever, even leaving the fact out of 
consideration that nitric acid also produces precipitates in many 
cases—in a solution of potassio-tartrate of antimony, for in 
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stance—I prefer the use of hydrochloric acid, 7.2. the com- 
plete precipitation by that acid of all that is precipitable by it, 
for the following reasons: 1. Metals are more readily precipi- 
tated by hydrosulphuric acid from solutions acidified with hy- 
drochlorie acid, than from those acidified with nitric acid; 2 
In cases where the solution contains silver, (mercurous) mer- 
cury, or lead, the further analysis is materially facilitated by 
the total or partial precipitation of these three metals in the 
form of chlorides; and 3. This latter form is the best adapted 
for the individual detection of these three metals when present 
in the same svlution. Besides, the application of hydrochloric 
acid saves the necessity of examining whether the mercury, 
which may be subsequently detected with the other metals of 
the fifth group, was originally present in the mercurous or 
mercuric form. That the lead, if present in large proportion, 
is obtained partly in the form of a chloride, and partly in the 
precipitate produced by hydrosulphuric acid in the acid solu- 
tion, can hardly be thought an objection to the application of 
this method, as the removal of the larger portion of the lead 
from the solution, effected at the commencement, will onl 
serve to facilitate the examination for other metals of the fifth 
and sixth groups. 

As already remarked, a basie antimonious salt may separate 
from potassio-tartrate of antimony, for instance, or from some 
other analogous compound, and precipitate along with the in- 
soluble silver chloride and mercurous chloride, and the spar- 
ingly soluble chloride of lead. This precipitate, however, is 
readily soluble in the excess of hydrochloric acid which is sub- 
sequently added, and exercises therefore no influence whatever 
upon the further process. The application of heat to the fluid 
mixed with hydrochloric acid is neither necessary nor even 
advisable, since it might cause the conversion of a little of the 
precipitated mercurous chloride into mercuric chloride. ; 

Should bismuth, antimony, or metastannic acid be present, 
the additions of the washings of the precipitate produced by 
hydrochloric acid to the first filtrate will cause turbidity. The 
turbidity is occasioned, in the case of bismuth and antimony, 
by the insufficiency of the free hydrochloric acid present to 
prevent the separation of basic salt ; in the case of metastannie 
acid, by the metastannic chloride being first precipitated, then 
redissolving in the wash-water, and then meeting with hydro- 
chloric acid in the filtrate. This turbidity exercises, however, 
no influences upon the further process, since hydrosulphurice 
acid as readily converts these finely-divided precipitates into 
sulphides as if the metals were in actual solution. 

In the case of alkaline solutions, the addition of hydrochloric 
acid must be continued until the fluid shows a strongly acid 
reaction. The substance which causes the alkaline reaction 
combines with the hydrochloric acid, and the bodies originally 
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dissolved in that alkaline substance separate. Thus, if the al- 
kali is present in the free state, zinc hydroxide, for instance, 
may precipitate. But these hydroxides will redissolve in an 
excess of hydrochloric acid, whereas silver chloride will not 
redissolve, and lead chloride only with difficulty. If a metallic 
sulphur salt is the cause of the alkaline reaction, the sulphur 
acid, é. g., antimonious sulphide, precipitates upon the addition 
of the hydrochloric acid, whilst the sulphur base, e. g., sodium 
sulphide, trausposes with the constituents of the hydrochloric 
acid, forming sodium chloride and hydrosulphuric acid. If 
a carbonate, a cyanide, or a sulphide of an alkali metal is the 
cause of the alkaline reaction, carbonic acid, or hydrocyanie 
acid, or hydrosulphuric acid escapes. All these phenomena 
should be carefully observed by the analyst, since they not only 
indicate the presence of certain substances, but demonstrate 
also the absence of entire groups of bodies. 

Precipitates are produced also by hydrochloric acid in solutions con- 
taining thallium, alkali salts of antimonic acid, tantalic acid, niobic acid, 
molybdic acid and tungstic acid, The antimonic, tantalic, and molybdie 
precipitates dissolve (the tantalic acid precipitate to an opalescent fluid), 
whilst the CHLORIDE OF THALLIUM, NIOBIC AcID, and TUNGSTIC ACID do not 
dissolve in excess of hydrochloric acid. The latter therefore remain with 
the precipitate, which may also contain silver chloride, mercurous chloride, 
lead chloride, and silicic acid. Separation of sulphur ensuing after some 
time on addition of hydrochloric acid, accompanied by the odor of sul- 
phurous acid, indicates THIosULPHURIC (HYPOSULPHUROUS) acrip. If you 
have cause to test. for rare metals, after exhausting the precipitate with 
boiling water, examine the fluid for rHaLLtium by potassium iodide (con- 
firming by the spectroscope). On exhausting again with ammonia to dis- 
solve out the silver chloride, and treating the residue with nitric acid, the 
niobic, tungstic and silicic acids will remain behind. The two first may 
beseparated from the latter by fusing with sodium disulphate, treating 
with water, and finally with dilute solution of ammonium carbonate... They 
may be separated from each other by treating the solution with excess of 
ammonium sulphide. 


To §§ 183 and 184. 


A judicious distribution and economy of time is especially 
to be studied in the practice of analysis; many of the opera- 
tions may be carried on simultaneously, which the student 
may readily perceive and arrange for himself. For instance, 
after throwing the hydrosulphurie acid precipitate on the fil- 
ter, you may test the first drops of the filtrate with ammonium 
sulphide to see if there is any metal of that group present, and 


if this is not the case you may proceed to test with ammonium _ 


carbonate. You will thus be able, while washing the hydro- 
sulphuric acid precipitate, to throw down the filtrate with the 
proper group-test. Again, while you are treating the first pre 
cipitate with ammonium sulphide you may wash the second 
precipitate. ' 
In cases where the analyst has simply to deal with metals of 
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the sixth group (¢.g., antimony) and of the fourth or fifth group, 
(e.g., iron or bismuth), he need not precipitate the acidified so- 
jution with hydrosulphurie acid, but may, after neutralization, 
at once add ammonium sulphide in excess. The iron, &e., 
will in that case precipitate, whilst the antimony, &c., will 
remain in solution, from which they will, by addition of an 
acid, at once be thrown down as antimonious sulphide, 
&c. This method has the advantage that the fluid is diluted 
less than in the case where solution of hydrosulphuric acid is 
employed, and that the operation is performed more expedi- 
tiously and conveniently than is the case where hydrosulphuric 
acid gas is conducted into the fluid. I must again call atten- 
tion to the very constant occurrence of mistakes through the 
use of spoilt hydrosulphuric acid water, through the use of an 
insufficient quantity of good hydrosulphuric acid water, or 
through passing the gas into a solution containing a too large 
excess of hydrochloric or nitric acid. Inmagine a very acid so- 
lution containing iron and bismuth; if you pass hydrosul- 
phuric acid gas or a few drops of the water, no precipitate will 
be produced ; and if in the idea that no metal of the hydrosul- 
phuric acid group is present, you then add ammonium sul- 
phide, you will obtain a precipitate containing the sulphides of 
iron and bismuth; and on treating this with dilute hydrochlorie 
acid, the bismuth sulphide will remain as a black residue, indi- 
cating the presence of nickel or cobalt. In this case you should 
have either diluted the fluid considerably before passing the 
gas, or added a large quantity of hydrosulphuric acid water ; 
when the bismuth would have been precipitated in its proper 
place. Again, arsenic acid may be easily missed if the action 
of the hydrosulphuric acid is not supplemented by heat. 

If the hydrosulphuric acid precipitate is not well washed, 
on warming it with nitric acid the mercuric sulphide may dis- 
solve from the presence of hydrochloric acid, and on testing 
the action of ammonium sulphide the results will not be trust- 
worthy. 

It happens occasionally that in treating acid solutions with 
hydrosulphurie acid, or in decomposing by hydrochloric acid 
the ammonium sulphide used to effect the solution of sulphides 
of the sixth group that may be present, precipitates are ob- 
tained which look almost like pure sulphur, and thus leave the 
analyst in doubt whether it is really requisite to examine them 
for metals. In such cases the precipitate may be first washed, 
then dried, and treated finally with carbon disulphide to re- 
move the sulphur; this will show whether or not a trifling 
quantity of a sulphide is mixed with the sulphur. 


The following sulphides of the rarer elements pass into the precipitate 
produced by hydrosulphuric acid in an acid solution; the sulphides of 
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palladium, rhodium, osmium, ruthenium, iridium,* molybdenum, tellus 
rium, selenium, and possibly of thallium.t 

The following rare compounds cause separation of sulphur, by decom- 
posing the hydrosulphuric acid: the higher oxides and chlorides of man- 
ganese and cobalt, vanadic acid (with blue coloration of the ficid), nitrous 
acid, sulphurous acid, thiosulphuric (hyposulphurous) acid, hypochlorous 
and chlorous acids, bromic acid and iodic acid. 

On treating the precipitate with ammonium sulphide the sulphides of 
iridium, molybdenum, tellurium, and selenium dissolye, whilst the sul- 
phides of palladium, rhodium, osmium, and ruthenium, and of thallium, 
remain undissolved. 


To § 185. 


If a precipitate containing all the sulphides of the sixth group, precipi- 
table by hydrosulphuric acid, from acid solution (of tin, antimony, arse- 
nic, tellurium, sclenium, molybdenum, gold, platinum, and iridium), is 
fused, according to § 185 with sodium carbonate and nitrate, and the fused 
mass treated with cold water, the TELLURIC ACID, SELENIC ACID, and MOLYB- 
DIC ACID dissulye with the arsenic acid, whilst the mrprum is left undis- 
solved with the stannic oxide, sodium antimonate, gold, and platinum. 

For the way of detecting the rare elements in the solution and in the 
precipitate, see § 135. 


To § 186. 


Besides the methods described in the systematic course, to 
separate cadmium, copper, lead, and bismuth, the following 
process will also be found to give highly satisfactory results : 
Add sodium carbonate to the nitric acid solution as long as a 
precipitate continues to form, then solution of potassium: cyan- 
ide in excess, and heat gently. This effects the complete sep- 
aration of lead and bismuth in the form of carbonates, whilst 
copper and cadmium are obtained in solution in the form of 
copper potassium cyanide and cadmium potassium cyanide. 
Lead and bismuth may now be readily separated from one an-_ 
other by means of sulphuric acid. The separation of the cop- 
per from the cadmium is effected by adding to the solution of 
the cyanides of these two metals in potassium cyanide, hydro- 
sulphuric acid in excess, gently heating, and then adding some 
more potassium cyanide, in order to redissolve the copper sul- 
phide which may have precipitated along with the cadminm 
sulphide. A residuary yellow precipitate (cadmium sulphide), 
insoluble in the potassium cyanide, demonstrates the presence 


* The metals of the platinum ores are precipitated with difficulty by hydro- 
sulphuric acid. To attain the end in view, hydrosulphuric acid gas must be 
perseveringly conducted into the fluid, and heat applied at the same time. 

+ Tungsten and vanadium are not found in the precipitate thrown down 
from an acid solution by hydrosulphuric acid. They can be present only 
where the fluid has first been mixed with ammonium sulphide, then with acid 
in excess ; but in that case the sulphides of nickel and cobalt will also be found 
with those of the fifth and sixth groups. Thallium, although it is not precip- 
itated from acid solutions by hydrosulphurice acid under ordinary circum- 
stances, may be thrown down in connection with arsenious sulphide. 
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of cadmium. Filter the fluid from this precipitate, and add 
hydrochloric acid to the filtrate, when the formation of a black 


precipitate (cupric sulphide) will demonstrate the presence of 
copper. 2 

Where there is reason to suppose that the precipitate containing the sul- 
phides of the fifth group contains also the sulphides of palladium, rhodium, 
osmium, ruthenium, or thallium, first test a portion in the spectroscope 
for thallium, and then proceed as follows: 

Fuse the precipitate with potassium hydroxide and chlorate, heat ulti- 
mately to redness, let cool, then treat the mass with water. The solution con- 
tains potassium osmate and ruthenate, which latter imparts a deep yellow color 
toit. Ifthe fluidis cautiously neutralized with nitric acid, BLACK RUTHENIOUS 
OXIDE separates ; if more nitric acid is added to the filtrate, and the fluid 
then distilled, osM1UM TETROXIDE passes over. If the residue left upon the 
extraction of the fused mass with water is gently ignited in hydrogen gas,* 
then cautiously treated with dilute nitric acid, the copper, lead, &c., are 
dissolved, whilst the rhodium and palladium are left undissolved. The 
PALLADIUM may then be dissolved out of the residue by means of aqua 
regia, leaving the RHODIUM undissolved. For the further examination of 
the isolated metals, Irefer to §124. A separate portion of the precipitate of 
the sulphides must be examined for mercury, in the event of the above 
process being adopted. — 


To § 187. 
Assuming all elements not yet precipitated to be present in the fluid fil- 


tered from the precipitate produced in an acid solution by hydrosulphurie 
acid, the precipitate produced by addition of ammonium chloride to this 


filtrate, neutralization with ammonia, and addition of ammonium sulphide 


in excess, will contain the following elements: 

a. In the form of sulphides: cobalt, nickel, manganese, iron, zinc, 
uranium, thallium, indium; 

b. In the form of hydroxides: aluminium, beryllium, thorium, zirconium, 
yttrium, erbium, cerium, lanthanium, didymium, chromium, titanium, 
tantalum, niobium. 

Where there is reason to suspect the presence of some of the rare ele- 
ments in the precipitate, the following method may be recommended as 
the most suitable in many cases: 

1. Dry the greater part of the washed precipitate, ignite in a porcelain 
crucible, then fuse perseveringly in a platinum crucible with potassium di- 
sulphate ; let the fused mass cool, soak in cold water and digest for some 
time without application of heat. Filter the solution from the residue. 

The reEstDUE, which contains the acids of tantalum and niobium, and 
may contain also silicic acid and a little undissolved ferric oxide and 
chromic oxide gives, on fusion with sodium hydroxide and some sodium 
nitrate, a mass out of which dilute solution of soda will dissolve chromate 
and silicate of sodium, leaving undissolved, with the ferric oxide, sodi- 
um tantalate and niobate (being insoluble in solution of soda). After re- 
moving the excess of soda, treat repeatedly with a very dilute solution of 
sodium carbonate, in which the sopruM NIOBATE dissolves much more 
readily than the TANTALATE. For the further examination compare § 104, 
10 and 11, 

Treat the soLUTION, which contains all the other bases, &c., of the third 
and fourth groups, with hydrosulphuric acid, to reduce the ferric salts, 


* Cadmium may escape in this operation. 
+ Of niobic acid only the trifling traces redissolved on the precipitation by 
hydrochloric acid can be present here, 
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dilute considerably, heat to boiling and keep boiling for some time, whilst 
conducting carbon dioxide into the fluid. If a precipitate is formed, ex- 
amine this for TITANIC OxIDE; it may contain also a little ziIRcoNTUM. 

Concentrate the filtrate by evaporation, with addition of some nitric 
acid; precipitate with ammonia, filter, and wash; redissolve the washed 
precipitate in hydrochloric acid, and precipitate again with ammonia. 
This will give almost the whole of the zINC, MANGANESE, NICKEL, and COBALT 
in solution, whilst the earths are left undissolved with the hydroxides of 
iron, indium, uranium, andchromium. Redissolve the precipitate in hydro- 
chloric acid, and add concentrated solution of potassa, without applyin 
heat. This will leave in solution the chromic hydroxide, the alumina, and 
the beryla whilst precipitating the other earths with the hydroxides of iron, 
indium and uranium. Dilute the alkaline solution, and boil some time; 
this will throw down the berylla and the chromic hydroxide, leaving the 
ALUMINIUM in solution. The latter may then be precipitated by ammonium 
chloride. Fuse the precipitate of berylla and chromic hydroxide with 
sodium carbonate and potassium chlorate, and separate the BERYLLA from 
the CHROMIC ACID in the same way in which the separation of alumina from 
chromic acid is effected (§ 103). 


The precipitate, which contains the hydroxides of iron, indium, and 


uranium, and the earths insoluble in potassa, may also contain chromic 
hydroxide, and under certain circumstances, ¢. g., in presence of yttria and 
cerium sesquioxide, also alumina and berylla. Dissolve it in hydrochloric 


acid, remove an over-large excess of the acid by evaporation, dilute, add — 


barium carbonate, and let the mixture stand six hours in the cold. 

The precipitate produced contains the rRoN, INDIUM, and URANTUM (also 
THORIUM and a part of the certuM* ?) and possibly some aluminium and 
chromium. Separate uranium in a portion of the precipitate by redissoly- 
ing in hydrochloric acid, and adding excess of sodium bicarbonate. Test 
another portion in the spectroscope for INDIUM, and another py fusing with 
sodium carbonate and potassium chlorate for caromruM. 

To the filtrate from the barium carbonate precipitate first add sulphuric 
acid to remove barium, filter, concentrate strongly by evaporation, neutral- 
ize exactly with potassa (leaving the reaction rather acid than alkaline), 
add normal potassium sulphate in crystals, boil, and let the fluid stand 
twelve hours. Then filter, and wash with a solution of potassium sul- 
phate. The filtrate contains that portion of the beryllium which may have 
escaped solution by potassa, also yttrium anderbium. These are precipitated 
by ammonia, and may then easily be separated by treating with a concen- 
trated warm solution of oxalic acid, in which the BERYLLA is soluble, whilst 
the oxalates of ,yrrrrum and of ERBIUM are left undissolved. Now boil 


the precipitate of the double sulphates repeatedly in water, with addition — 
of some hydrochloric acid, which will dissolve rnortum (?) CERTUM,* LAN- — 


THANIUM, and DIDYMIUM, leaving the sulphate of zmconruM and potassium 


undissolved. Thorium and cerium may then be. precipitated from the — 


solution by ammonia, and tested by the reactions described in § 104. 


2. Test a portion of the remainder of the precipitate in the spectroscope 4 
for THALLIUM (and also indium). To be more sure about thallium, dissolve — 
a portion of the precipitate in boiling dilute hydrochloric acid, treat with — 


sulphurous acid till ferric salts are reduced, nearly neutralize with ammo- 


nia, and then test with potassium iodide. The precipitate must, under all — 


circumstances, be further examined in the spectroscope. 
To §§ 188-191. 
The fluid filtered from the precipitate produced by ammonium sulphide 


may not only contain the alkali-earth and the alkali-metals, but some nickel — 


[* Thorium is completely, and cerium partly (slowly) thrown down by 


barium carbonate in the cold. See also zirconium, lanthanium, and didy- 


mium, § 104.--ED.] 
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and also vanadium and that portion of the tungsten which has been left un 
precipitated by hydrochloric acid. The nickel, the vanadium, and the tungs 
ten are present as sulphides dissolved in the excess of ammonium sulphide ; 
they are thrown down in that form by just acidifying the fiuid with hy- 
drochloric acid. Filter the precipitate, wash, dry, fuse with sodium car- 
bonate and nitrate, and treat the fused mass with water; this will dissclye 
sodium vanadate and tungstate, leaving nickel hydroxide. From this so- 
lution the vanadic acid may be separated by means of solid ammonium 
chloride, the tungstic acid by evaporating with hydrochloric acid and 
treating the residue with water. The two acids may then be examined ag 
directed § 113, d, and § 135, ¢. 

For the detection of lithium, cesium and rubidium, I refer to the analy- 
sis of mineral waters (203 and 204). 


To § 196. 


If the rare elements are taken into account, the number of bodies which 
may remain undissolved on treating a substance with water, hydrochlorie 
acid, nitric acid, and aqua regia, is much enlarged. The following bodies, 
more especially, are eitber generally, or in the ignited state, or in certain 
combinations, insoluble or slowly and sparingly soluble in acids: 

Berylla, thoria, and zirconia, cerium sesquioxide, titanic oxide, tantalic 
oxide, niobic oxide, molybdic oxide, tungstic oxide, rhodium, iridium, 
osinio- iridium, ruthenium. 

When you have, in the systematic course of analysis, arrived at 152, 
fuse the substance, free from silver, lead, and sulphur, with sodium car- 
bonate and some nitrate, extract the fused mass repeatedly with hot water, 
and, if a residue is left, fuse this a long time, in a silver crucible, with 
potassium hydroxide and nitrate and again treat the fused mass repeatedly 
with water. The alkaline solutions, which may be examined separately or 
together, may contain beryllium, a portion of the titanic acid, tantalic acid, 
niobic acid, molyhbdic acid, tungstic acid, osmic and ruthenic acids, and a 
portion of the iridium. 

If the residue left undissolved by the preceding operation is fused with 
potassium disulphate, and the fused mass treated with water, the thorium, 
zirconium, cerium, lanthanium, and didymium, the remainder of the tita- 
nium and the rhodium will dissolve. A residue left by this operation may. 
consist of platinum ore metals, and had best be mixed with sodium chlo- 
ride, and ignited in a stream of chlorine. 

With respect to the separation and detection of the several elements that 
have passed into the different solutions, the requisite directions and instruc- 
tions have been given in the third section of Part L, and in the additional 
remarks to §§ 182-191. 


To § 197. 


The analysis of cyanogen compounds is not very easy in cer- 
tain cases, and it is sometimes a difficult task even to ascertain 
whether we have really a cyanide before us or not. However, 
if the reactions of the substance upon ignition (8) be carefully 
observed, and also whether upon boiling with hydrochloric acid 
any odor of hydrocyanic acid is emitted (85), the presence or 
absence of a cyanide will generally not remain a matter of 
doubt. 

It must above all be borne in mind that the insoluble cyano 
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gen compounds occurring in pharmacy, &¢., belong to two dis- 
tinct classes, viz., they are either smmPLE CYANIDES, Or COMPOUNDS 
OF METALS WITH FERROCYANOGEN or sone other analogous radi- 
cal, 
All the simple cyanides are decomposed by boiling with con- 


centrated hydrochloric acid into metallie chlorides and hydro- ” 


eyanic acid. Their analysis is therefore never difficult. But 
the ferrocyanides, &c., to which indeed the method described 
§ 197 more exclusively refers, suffer by acids such complicated 
decompositions that their analysis by means of acids is a task 
not so easily accomplished. Their decomposition by potassa or 
soda is far more simple. The alkali yields its hydroxyl to the 
metal combined with the ferrocyanogen, &c., the hydroxide thus 
formed precipitates, and the potassium or sodium forms with 
the liberated radical soluble ferrocyanide, &c., of potassium or 
sodium. But several hydroxides are soluble in an excess of 
potassa, as, ¢.g., those of lead, zinc, &c. If, therefore, the zine 
potassium ferrocyanide, for instance, is boiled with solution of 
caustic potassa, it dissolves completely, and we may assume that 
the solution contains potassium ferrocyanide and zine hydrox- 
ide dissolved in potassa. Were we to add an acid to this solu- 
tion, we should of course simply reobtain the original precipi- 
tate of zinc-potassium ferrocyanide, and the experiment would 
consequently be of no avail. To prevent this failure, we con- 
duct hydrosulphurie acid into the solution in potassa, but only 
until the precipitable metals are completely thrown down, and 
not-until the solution smells of sulphuretted hydrogen. This 
serves to convert into sulphides all the heavy metals which the 
potassa holds in solution as hydroxides. Those sulphides which 
are insoluble in potassa, those of lead, zinc, &c., precipitate, 
whilst those which are soluble in alkali-sulphides, such as 
stannic sulphide, antimonious sulphide, &c., remain in solution. 
To effect the detection of these also, the fluid is now aciditied, 
and, if necessary, more hydrosulphurie acid conducted into it. 
In the filtrate from the hydroxides and sulphides we have 
still those metals which form radicals with cyanogen, and also 
aluminium, which has dissolved in the original treatment with 
potassa, and would not have been separated. Finally also the 
other acids must be tested for here. It is therefore directed to 


divide the solution into two parts, and to test one for acids, the 
other for aluminium and those metals which form radicals with | 


cyanogen. The prescribed heating of this second part with con- 
centrated sulphuric acid has the effect of decomposing the cyano- 
gen compounds, and converting the metals into sulphates which 
remain behind (H. Rosx*). 

If you simply wish to examine for bases in simple or com- 
pound cyanides, and for that purpose to destroy the cyanogen 


* Zeitschr. f. anal. Chem. 1, 194, 


- 
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compound, it will suffice to heat the powdered substance in a _ 

latinum dish with concentrated sulphuric acid diluted with a 
ittle water, till almost all the free acid is driven off. The res- 
idue will consist of sulphates which are to be dissolved in hydro- 
chloric acid and water. 

The reason why ferrocyanides and similar compounds which 
have been fully washed with water, require to be tested for 
alkalies is because alkali ferrocyanides, Gs, are often precipi- 
tated along with insoluble ferrocyanides, &c., and cannot be 
removed by washing. 


APPENDIX. 


iE 


DrporTMENT OF THE MOST IMPORTANT MepicinaAL ALKALOIDS WITH 
Reacents, AnD SystEMAtic Murrnop oF EFFECTING THEIR Dx- 
TECTION. 


§ 299. 


Tne detection and separation of the alkaloids is far more difficult 
than the detection and separation of the inorganic bases. In 
many cases the combinations in which an alkaloid can be 
separated from others are not sufficiently insoluble to allow of 
complete separation, in other cases we only know the outward 
appearance of a reaction and not its cause, and are consequently 
ignorant of the conditions which may determine or modify it; 
again, many alkaloids are as yet not known to have any charac- 
teristic reaction whatever. 

Tlowever, in the following pages the subject will be treated 
as thoroughly as our knowledge will allow, the more commonly 
occurring alkaloids being included, viz., nicotin, conin, mor- 
phin, narcotin, quinin, cinchonin, strychnin, brucin, veratrin, 
and atropin. 

This appendix will be divided into the following sections: 

A. General reagents for the alkaloids. 

B. Properties and reactions of the individual alkaloids, 
arranged in groups. (In this section certain non-nitrogenous 
bodies are included which are allied to the alkaloids as poisons 
or are employed in their adulteration, namely, salicin, digita- 
lin, and picrotoxin.) 

C. Systematic course for the detection of an alkaloid when 
only one is present. 

b. Systematic course for the detection of alkaloids when 
several may be present. * 

E. Detection of alkaloids in the presence of other organie 
substances. 


A. Genrrat ReaGents ror tHE ALKALOIDS. 


§ 228, 


By general reagents for the alkaloids I mean reagents by 
which they are all or nearly all precipitated. These are we 
suited to test generally for the presence of an alkaloid in a fluid, 
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and may serve to separate alkaloids from their solutions, but 
they cannot be employed to distinguish individual alkaloids ex- 
cept in a subordinate degree. 

These reagents are as follows: platinic chloride, a solution of 
1odine in potassium iodide (WaGNER*), mercuric potassium 
iodide (v. Pranrat), cadmium-potassium iodide (Marmet), 
bismuth-potassium iodide (DragEnpvorrr$), phosphomolybdic 
acid (DE Vr, SonnenscuEtn |), phosphoantimonic acid (Fr. 
Scuvrze{), metatungstic acid (ScuEwBLER**), picric acid (H. 
Hacertt). 

Piarimic cutorme forms with the hydrochlorides of the 
alkaloids compounds analogous to ammonium platinic chloride. 
Some of these compounds are difficultly soluble in water, some 
are rather easily soluble. They are best obtained and most 
completely separated by mixing the solutions with a sufficient 
quantity of platinic chloride, evaporating nearly to dryness and 
treating with alcohol. They have a yellow color of various 
shades, some are crystalline, some flocculent, and in general they 
are more soluble in hydrochloric acid than in water. 

_ A solution of IopINE IN POTASSIUM IODIDE (containing 12.7 
grm. free iodine in 1 litre) precipitates the solutions of the salts 
of all the alkaloids. The precipitates are brown and flocculent. 
Their formation and separation is assisted by acidifying with 
sulphuric acid. By washing the precipitate, dissolving it in solu- 
tion of sulphurous acid and evaporating on the water-bath to re- 
move the excess of sulphurousacid and the hydriodic acid, the alka- 
loid will remain in combination with sulphuric acid. If the pre- 
cipitate was separated from a fluid containing a quantity of 
other organic substances, before proceeding as just stated, dis- 
solve it in a dilute solution of sodium thiosulphate (hyposul- 
phite), filter, and reprecipitate with iodine solution.tt 

MEeRcuRIC PorASssIUM IODIDE precipitates the solutions of the 
salts of the alkaloids. The precipitates are white or yellowish 
white, insoluble in water and dilute hydrochloric acid. . 

' CapMIUM-PoTASSIUM IopIDES§ precipitates the solutions of salts 


* Zeitschr. f. anal, Chem., 4, 387. 
! Verhalten der wichtigsten Alkaloide gegen Reagentien, Heidelberg, 1846. 
‘Zeitschr. f. anal. Chem., 6, 123. § Ib., 5, 406. 

| Ann. d. Chem. u. Pharm., 104, 47. J J., 109, 179. 

** Journ, f. prakt. Chem., 80, 211. 

++ Pharm. Centfalhalle. 10r Jahrg., 131. 

¢{ By dissolving the brownish-red precipitate produced by mixing the iodine 
solution with a salt of strychnin in alcohol containing sulphuric acid and evap- 
orating, prismatic crystals of a strong polarizing power will be obtained (DE 
VRIJ and VAN DER Burg, Jahresber. von LIEBIG u. Kopp, 1857, 602). Until 
the optical properties of the analogous compounds of the other alkaloids shall 
have been examined, we are unable to state whether this reaction is character- 
istic or not. : . 

$$ Prepared by saturating a boiling concentrated solution of potassium 
iodide with cadmium iodide, and adding an equal volume of cold saturated 
solution of potassium iodide. The concentrated solution keeps well, but not 
the dilute, ; : 

25 


386 GENERAL REAGENTS FOR ALKALOIDS. [§ 223 


of the alkaloids after acidification with sulphuric acid, even 
when very dilute. The precipitates are at first all flocculent 
and white, some of them.soon become crystalline. They are in- 
soluble in ether, readily soluble in alcohol, less soluble in water, 
readily soluble in excess of the precipitant. They have a ten- 
dency to decompose by long standing. The alkaloids may be 
obtained from the undecomposed precipitates by mixing with 
an alkali-carbonate or hydroxide and water, and shaking with 
benzol, amylic alcohol, ether, or the like. 

Bismuru-porassium 1oprpe * added drop by drop to solutions 
of salts of the alkaloids acidified with sulphuric acid (10 e.c. of 
the alkaloid solution and five drops of concentrated sulphuric 
acid) produces almost immediately flocculent orange precipi- 
tates, in the case of nicotin, conin, morphin, narcotin, qui- 
nin, cinchonin, strychnin, brucin, atropin, and most other 
alkaloids ; veratrin, on the other hand, gives only a faint tur 
bidity. The precipitates formed with the first-named alkaloids 
agelutinate together to some extent when heated, they dissolve 
by long continued boiling, and separate again for the most part 
on cooling. None of the precipitates are crystalline. The alka- 
loids may be separated from the precipitates as given under the 
previous reagent. 

PHospyomotyspic acip + is precipitated by the solutions of 
all alkaloids, even when their quantity is very minute. The 
precipitates are light-yellow, ochreous or brownish-yellow, in- 
soluble or difficultly soluble at the ordinary temperature in 
water, alcohol, ether, and dilute mineral acids, with the exce 
tion of phosphoric acid ; they are most insoluble in dilute nitrie 
acid, especially when it contains some of the reagent; acetic 
acid also is almost without action in the cold, but in the heat it 
has a solvent action. The precipitates dissolve in the hydroxides 
and carbonates of the alkali-metals, generally with ease and 
with separation of the alkaloids. The latter may be removed 
by shaking with ether, amylic alcohol, benzol, or the like. 

PuospHoantimonic Acip, obtained by dropping antimonic 
chloride into aqueous phosphoric acid, also precipitates ammonia 


* Prepared as follows :—Heat 32 parts of bismuth sulphide in a combus- 
tion-tube sealed at one end, with 41°5 parts of iodine, collect the bismuth 
iodide in a receiver, purify it by resublimation, heat it with solution of potas- 
sium iodide, filter hot, and add to the solution an equal volume of a cold sat- 
urated solution of potassium iodide, The concentrated solution keeps well, but 
not the dilute. On mixing 10 ¢.c. water with 5 drops of concentrated sulphuri¢ 
acid and adding 1 or 2 drops of the reagent, no turbidity should occur. ‘ 

+ Prepared as follows :—Precipitate the nitric acid solution of ammonium 
molybdate with sodium phosphate, wash the precipitate well, suspend it in 
water, and warm with addition of sodium carbonate to complete solution. 
Evaporate to dryness, ignite the residue, and if reduction has taken place, 
moisten with nitric acid, and ignite again. Warm with water, and dissolve 
by adding nitric acid in considerable excess. One part of the residue 
should make 10 parts of solution, The solution must be protected from ame 
moniacal fumes. 
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and most of the alkaloids (not caffein). The reactions are 
delicate, but they are generally less delicate than with the last 
reagent, especially in the case of nicotin and conin; this re; 
agent is more delicate in one single instance, namely, for atro- 
ps The precipitates are usually flocculent and whitish, the 
rucin precipitate is rose-colored. On heating it dissolves, on. 
cooling it separates again from the fluid, which remains colored 
intensely carmine. | 
Merarunestic actp* precipitates the solutions of all the 
alkaloids. The precipitates are white and flocculent. The 
delicacy of the reactions is extreme. Acid solutions contain- 
ing only one part of quinin or strychnin in 200,000 are ren- 
dered distinctly turbid, and deposit minute flocks in 24 hours. 
Prorte acip precipitates almost all the alkaloids, even from 
solutions containing a large excess of sulphuric acid. The pre- 
cipitates are yellow, and insoluble in excess of the precipitant ; 
they are usually formed even in very dilute solutions. Mor; 
phin and atropin (pure) are only thrown down from neutral 
and concentrated solutions; the precipitates disappear on 
dilution (caffein and pseudomorphin are not precipitated, likey 
wise the glucosides). : 


B. Proprrtims anp Reacrions oF THE INDIVIDUAL ALKALOIDS. 
I. Voratire ALKALOIDS. 


The volatile alkaloids are fluid at the common temperature, 


and may be volatilized in the pure state as well as when mixed 


with water. They are accordingly obtained in the distillate 
when their salts are distilled with strong fixed bases and 
water. Their vapors, when brought in contact with those of 
volatile acids, form a white cloud. 


1. Nicort, (C,, H,, N,). 
§ 294. 


1. Nicotin oceurs in the leaves and seed of tobacco. In its 
pure state, it forms a colorless, oily liquid, of 1-048 sp. gr.; the 
action of air imparts a yellowish or brownish tint to it. It 
boils at 250°, suffering, however, partial decomposition in the 
process ; but, when heated in a stream of hydrogen gas, it dis- 
tils over unaltered, between 100° and 200°. It dissolves witb 
ease in water, alcohol, and ether. 

Nicotin has a peculiar, disagreeable, somewhat ethereal, to- 


* Instead of the pure acid you may use a metatungstate acidified with min. 
eral acid, or even ordinary sodium tungstate, with addition of phosphoric acié. 


Phosphoric acid, when added to an ordinary soluble tungstate, removes pag 


the base, and so produces a metatungstate, 


388 NICOTIN. [§$ 224 


bacco-like odor. On heating it gives off a very powerful odor 
of tobacco. It has an acrid, pungent taste, and very poisonous 
properties. Dropped on paper, it makes a transparent stain, 
which slowly disappears; it turns turmeric-paper brown, and 
litmus-paper blue. Concentrated aqueous solution of nicotin 
shows these reactions more distinctly than the alkaloid in the 
pure state. . 

2. Nicotin has the character of a pretty strong base; it pre- 
cipitates metals as hydroxides from their solutions, and forms 
salts with acids. The salts of nicotin are non-volatile, freely 
soluble in water and alcohol, insoluble in ether and amylie 
alcohol; they are inodorous, but taste strongly of tobacco; part 
of them are crystallizable. Their solutions, when distilled with 
solution of potassa, give a distillate containing nicotin. By 
neutralizing this with oxalic acid, and evaporating, nicotin 
oxalate is produced, which may be freed from any admixture 
of ammonium oxalate, by means of alcohol, in which the former 
salt is soluble, the latter insoluble. 

3. If an aqueous solution of nicotin, or a solution of a nico- 
tin salt mixed with solution of soda or potassa, is shaken with 
ether, the nicotin is dissolved by the ether; if the latter is then 
allowed to evaporate on a watch-glass at 20° or 30°, the nicotin 
remains behind in drops and streaks; on warming the watch- 
glass, it volatilizes in white fumes of strong odor. 

4. Platinic chloride produces in aqueous solutions of nicotin 
or its salts whitish-yellow flocculent precipitates. On heating 
the fluid containing the precipitate, the latter dissolves, but 
upon continued application of heat it very speedily separates 
again in form of an orange-yellow, crystalline, heavy powder, 
which, under the microscope, appears to be composed of round- 
ish crystalline grains. If a rather dilute solution of nicotin, 
supersaturated with hydrochloric acid, is mixed with platinic 
chloride, the fluid at first remains clear; after some time, how- 
ever, the double salt separates in small crystals (oblique four- 
sided prisins), clearly discernible with the naked eye. 

5. Auric chloride added in excess to aqueous solutions of 
the alkaloid or its salts produces a reddish-yellow flocculent 
‘precipitate, sparingly soluble in hydrochloric acid. © igh 

6. Solution of zodine in potassium rodide and water, when 
added in small quantity to an aqueous solution of nicotin, pro- 
duces a yellow precipitate, which after a time disappears. eon 
further addition of iodine solution, a copious kermes-colored 
precipitate separates; -but this also disappears again after a 
time. Solutions of the salts are precipitated with a kermes- 
‘brown color, 

__ %. Solution of tannic acid produces in aqueous solution of 
nicotin a copious white precipitate, which redissolves upon 
addition of hydrochloric acid. _ 

8. If an aqueous solution of nicotin is added to exeess of 
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solution of mercuric. chloride, an abundant, floceulent, white 
precipitate is formed. If solution of ammonium chloride is 
now added to the mixture in sufficient quantity, the entire pre- 
cipitate, or the greater part of it, redissolves. But the fluid 
very soon turns turbid, and deposits a heavy white precipi- 
tate. 


2. Conin (C, N,, N). 
§ 225. 


1. Conin occurs in the leaves, seed, and flowers of the spotted 
hemlock. It forms a colorless oily liquid, of -88 sp. gr.; the 
action of the air imparts to it a brown tint. In the pure state 
it boils at 168° ; when heated in a stream of hydrogen gas, it 
distils over uhaltered ; but when distilled in vessels containing 
air, it turns brown and suffers partial decomposition; with 
aqueous vapors it distils over freely. It dissolves sparingly in 
water, 100 parts of water of the common temperature dissolv 
ing 1 part of conin. The solution turns turbid on warming, 
clear again on cooling. Conin is miscible in all proportions 
with alcohol and ether. The aqueous and alcoholic solutions 
manifest strong alkaline reaction. Conin has a very strong, 
_ pungent, repulsive odor, which affects the head, a most acrid 

and disagreeable taste, and very poisonous properties. 

2. Conin is a strong base ; it accordingly precipitates metal: 
lic salts in a similar way to ammonia, and forms salts with 
acids. ‘The salts of conin are soluble in water and in alcohol, 
ether also dissolves several of them (¢.g., the sulphate) to some 
extent. Conin hydrochloride crystallizes readily ; the smallest 
quantity of conin brought in contact with a trace of hydro- 
chloric acid, yields almost immediately a corresponding quan- 
tity of non-deliquescent rhombic erystals (T. H. Wrrruxm). 
The sulphate does not crystallize except on very long standing.* 
The soiutions of the salts turn brownish upon evaporation, 
with partial decomposition of the conin. The dry salts do not 
smell of the alkaloid; when moistened they smell only feebly 
of it, but upon addition of soda solution, they at once emit a 
strong odor. When conin salts are distilled with soda solution, 
the distillate contains conin. On neutralizing this with oxalic 
acid, evaporating to dryness, and treating the residue with al- 
cohol, conin oxalate is dissolved, whilst any ammonium oxalate 
that may be present is left undissolved. As conin is only 
sparingly soluble in water, and dissolves with still greater dit- 
ficulty in solution of alkalies, a concentrated solution of a conin 
salt turns milky upon addition of solution of soda. The mi 


iy 


* Zeitschr. f. anal. Chem., 1, 397. 
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nute drops which separate unite gradually, and collect on the 
surface. 

3. If an aqueous solution of a salt of conin is shaken with 
soda solution and ether, the conin is dissolved by the ether. 
If the latter is then allowed to evaporate on a watch-glass at 
20° or 80°, the conin is left in yellowish-colored oily drops. 

4. Aurve chloride produces in solutions of the alkaJoid or 
its salts a yellowish-white precipitate, insoluble in hydrochloric 
acid. Beastie chloride gives with conin a copious white 
precipitate, soluble in hydrochloric acid. Platinic chloride 
does not precipitate rather dilute aqueous solutions of conin 
salts, the conin compound corresponding to platinic ammonium 
chloride being insoluble in spirits of wine and ether, but toler- 
ably soluble in water. The double salt also dissolves by boil- 
ing with alcohol; it separates in the amorphous form on cool- 
ing. | 
5. To solution of dodine in potassium iodide and water, and 
to solution of tannic acid, couin comports itself like nicotin. 

6. Chlorine water produces in a mixture of water and conin 
a strong, white turbidity. — 


The volatile alkaloids are most easily recognized when pure ; 
the great object of the analyst must accordingly be to obtain 
them in that state. The way of effecting this is the same for 
nicotin as for conin, and has already been given in the fore- 
going paragraphs, viz., to distil with addition of soda solution, 
neutralize with oxalic acid, evaporate, dissolve in alcohol, evap- — 
orate the solution, treat the residue with water, add soda solu- 
tion, shake the mixture with ether, and let the latter evaporate 
spontaneously. Conin is distinguished from nicotin chiefly by 
its odor, its sparing solubility in water, and its behavior with 
chlorine water. 


Il. Non-vonatire AnKALoms. 


The non-volatile alkaloids are solid, and cannot be distilled 
over with water. 
FIRST GROUP. 


Non-voLatILE ALKALOIDS WHICH ARE PRECIPITATED BY PorTassa 
or Sopa FRoM THE SoLuTions oF THEIR SALTs, AND REDISSOLVE 
READILY IN AN EXCESS OF THE PRECIPITANT. 


Of the alkaloids of which I purpose to treat here, one only 
belongs to this group, viz., 


ok 
; Morpury (O,, H,, N O, = Mo). 


. § 226. 


1. Morphin occurs with the alkaloids codein, thebain, pa- 
paverin, narcotin, and nareein, and with meconic acid and 
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meconin, in opium, the dried milky juice of the green cap 
sules of the poppy (papaver somniferum). Crystallized morphin 
oe 


(Mo + H, O) usually appears in the form of colorless, brilliant 
rhombic prisms, or, when obtained by precipitation, as a white 
erystalline powder. It has a bitter taste, and dissolves very 
sparingly in cold, but somewhat more readily in boiling water. 

f cold alcohol it requires about 90 parts by weight for solu- 
tion; of boiling alcohol from 20 to 30° parts. The solutions of 
morphin in alcohol, as well as in hot water, manifest distinctly 
‘alkaline reaction. Morphin is nearly insoluble in ether, es- 

ecially when crystallized, it dissolves in hot amylic alcohol, it 
1s insoluble in benzol i ager and very difficultly soluble 
in chloroform (Prrrenxorrer). Crystallized morphin loses its 
water at a moderate heat. Morphin may be sublimed unal- 
tered by very cautious heating.* 

2. Morphin neutralizes acids completely, and forms with 
them the morpuin satts. These salts are readily soluble in 
water and alcohol, insoluble in ether and amylic alcohol ; their 
taste is disagreeably bitter. Most of them are crystallizable. 

3. Potassa and ammonia precipitate from the solutions of 


morphin salts—generally only after some time—Mo + H, 0, 
in the form of a white crystalline powder. Stirring and fric- 
tion on the sides of the vessel promote the separation of the 
precipitate, which redissolves with great readiness in an excess 
of potassa, but more sparingly in ammonia. It dissolves 
also in ammonium chloride, and, though with difficulty only, in 
ammonium carbonate. On shaking a solution of morphin in po- 
tassa or soda with ether, very little of the alkaloid passes into 
the ether; on shaking with warm amylic alcohol, however, the 
whole of the alkaloid passes into the latter. 

4. Potasstwm carbonate and sodium carbonate produce the 
same precipitate as potassa and ammonia, but fail to redissolve 
it upon addition in excess. Consequently if a fixed alkali bi- 
carbonate is added to a solution of morphin in caustic potassa, 


or if carbon dioxide is conducted into the solution, Mo + H, O 
separates, especially after ebullition, in the form of a crys- 
talline powder. A more minute inspection, particularly 
through a lens, shows this powder to consist of small acicular 
crystals ; magnified 100 times, these crystals present the form 
of rhombic prisms. 

5. Sodium bicarbonate and potassium bicarbonate speedily 


* For the best way of subliming morphin, and for the value of the sub 
limate in microscopic diagnosis, see HxLWie (Zeitschr. f. anal. Chem. 3, 43; 
or Das Mikroscop in der Toxikologie von Dr. A. HELWIG. von Zabern. Mainz: 
1864). In the latter work the subject is treated more completely, and illus. 
trated. I may mention that the alkaloid must be perfectly pure -« 


: 
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produce in neutral solutions of morphin salts a precipitate of 
morphin hydrate in the form of a crystalline powder. The pre- 
cipitate is insoluble in an excess of the precipitants. These re- 
agents fail to precipitate acidified solutions of morphin salts in 
the cold. 

6. The action of strong nite acid upon morphin or one of 
its salts, in the solid state or in concentrated solutions, produces 
a yellowish-red color. On addition of stannous chloride uo vio 
let coloration occurs, as in the case of brucin.. Dilute solu- 
tions do not change their color upon addition of nitric acid in 
the cold, but upon heating they acquire a yellow tint. 

7. If morphin or a morphin compound is treated with 4 or 5 
drops of pure, strong, sulphuric acid, and warmed on a water- 
bath for 15 mimutes, a colorless solution is obtained ; if, after 
cooling, 10 to 20 drops of sulphuric acid, mixed with nitric 
acid,* are added, and 2 or 3 drops of water, the fluid acquires 
a violet-red color (gentle heating promotes the reaction); and 
if now 4 or 5 clean lentil-sized fragments of manganese diow- 
ide are added, or a fragment of potassium chromate (Orvo), 
the fluid acquires an intense mahogany color. If the fluid is 
then diluted with 4 parts of water, cooled in a test-tube, and 
ammonia added till the reaction is almost neutral, a dirty-yel- 
low color makes its appearance, which turns brownish-red upon 
supersaturation with ammonia, without the deposition of any 
appreciable precipitate (J. Erpmany). According to A. Hussr- 
MANN* the violet coloration of morphin sulphate by nitric acid 
does not occur till the morphin solution has undergone change. 
It occurs immediately when the solution in strong sulphurie 
acid is heated to 100°-150°. If, after cooling, a drop of ni- 
tric acid is added, a splendid dark-violet color is produced, 
which stays at the edge for several minutes, but in the middle 
soon passes into a blood-red color, which slowly becomes 
paler. Sodium hypochlorite acts like nitric acid. On heating 
morphin with sulphurie acid above 150°, a transient reddish- 
violet color is produced, which turns finally to dirty green. Ifa 
solution which has thus been over-heated is brought in contact 
after cooling with nitric acid, no bluish-violet color is observed, 
but a reddish color is at once produced. : 

8. If a solution of molybdic acid in concentrated sulphuric 
acid (5 mgrm. sodium molybdate and 1 cc. cone. sulphuric 
acid) is mixed with dry morphin or a dry morphin salt, a mag- 
nificent reddish-violet color will make its appearance imme- 
diately ; afier a time the color will turn a dirty-greenish brown. 
The experiment should be made in a small porcelain dish or 
watch-glass, aid the mixture should be stirred with a glass rod. 
On further action of the air the fluid will become deep-blue, 


* Mix 6 drops of nitric acid of 1-25 sp. gr. with 100 c.c. water, and add 1C 
drops of this mixture to 20 grammes of pure concentrated sulphuric acid. 
¢ Zeifschr. f. anal. Chem., 3, 151. ae et 
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commencing at the edge; this color will remain for hours 
(Fr6upr).* If -water is added to the blue fluid, this color van- 
-ishes, and a slightly turbid, dirty-brown fluid is obtained ; when 
this is filtered it yields a brown filtrate. (Difference from sali: 
cin.) . 
9. Kerrie chloride imparts to concentrated neutral solutions 
of morphin salts a beautiful dark-blue color, which disappears 
upon the addition of an acid. If the solution contains an ad- 
mixture of animal or vegetable extractive matters, or of ace- 
tates, the color will appear less distinctly. 
10. If zodie acid is added to a solution of morphin or of a 
morphin salt, opine separates. In concentrated aqueous solu- 
tions the separated iodine appears as a kermes-brown precipi- 
tate, whilst to alcoholic and dilute aqueous solutions it imparts 
a brown or yellowish-brown color. The addition of starch- 
paste to the fluid, before or after that of the iodic acid, consid- 
erably heightens the delicacy of the reaction, since the blue 
tint of the iodized starch remains perceptible in exceedingly 
dilute solutions, which is not the case with the brown color im 
parted by iodine. The reaction is most delicate when the iodic 
acid solution is mixed with starch-paste, and the dry morphin 
salt is added to the mixture. It need scarcely be mentioned 
that the delicacy of the reaction may also be increased by shak- 
ing with carbon disulphide. Ais other nitrogenous bodies (al- 
bumin, casein, fibrin, Wc.) likewise reduce iodic acid, this reac- 
tion has only a relative value; however, if ammonia is added 
after the iodic acid, the fluid becomes colorless if the separa- 
tion of iodine has been caused by other substances, whilst the 
coloration becomes much more intense if it is owing to the pres- 
ence of morphin (Lerort).t 3 
© 11. Tunnie acid throws down in aqueous solutions of morphin 
salts, if they are not too dilute, white precipitates, readily solu- 
ble in acids. 

SECOND GROUP. 


Noy-votatire ALKALOMS WHICH ARE PRECIPITATED BY Porassa 
FROM THE SOLUTIONS OF THEIR SALTS, BUT DO NOT REDISSOLVE 

. TO A PERCEPTIBLE Extent in AN Exorss or THE PRECIPITANT, 

_ AND ARE PRECIPITATED By Sopium BicarBoNATE EVEN FROM 

- Acrp Sorurtons, if the latter are not diluted in a larger pro- 
portion than 1: 100; Narcotin, Quinin, Cinchonin. 


* Zeitschr. f. anal Chem., 5, 214. . 
_+ Lerort (Zeitschr. f. anal. Chem., 1, 184) recommends the following meth- 
od for the detection of small quantities of morphin: moisten strips of very 
white unsized paper with the morphin solution, dry, and repeat the operation 
several times, so as to insure absorption by the paper of a tolerably large 
quantity of the fluid; the dried paper contains the morphin in the solid state, 
most finely divided. Nitric acid, ferric chloride, and iodic acid and ammonia 
will readily and with positive distinctness show the characteristic reactions on 


paper so prepared. 
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rm 
a Naxcorm (,,H,,N O,=Na). 
§ 297, 


1. Narcotin accompanies morphin in opium (§ 226). Crystal 
lized narcotin appears usually in the form of colorless, bril- 
liant, right rhombic prisms, or, when precipitated by alkalies, 
as a white, loose, crystalline powder. It is insoluble in water. 
Alcohol and ether dissolve it sparingly in the cold, but some- 
what more readily upon heating. Chloroform dissolves it very 
easily, amylic alcohol with difficulty, benzol more readily. 
Solid narcotin is tasteless, but the alcoholic and ethereal solu- 
pe are intensely bitter. Narcotin does not alter vegetable 
colors. 

2, Narcotin dissolves readily in acids, combining with them to 
form salts. These salts have invariably an acid reaction. Those 
with weak acids are decomposed by a large amount of water, 
and, if the acid is volatile, even upon simple evaporation. Most 
of the salts of narcotin are amorphous, and soluble in water, 
alcohol, and ether; they have a bitter taste. 

3. Pure alkalies, and alkali carbonates and bicarbonates, im- 
mediately precipitate narcotin from the solutions of its salts, in 
the form of a white powder, which, magnified 100 times, ap- 
pears an aggregate of small crystalline needles. The precipi- 
tate is insoluble in an excess of the precipitants. .If solution of 
a narcotin salt is mixed with ammonia, and ether added in 
sufficient quantity, the precipitate redissolves in the ether, and 
the clear fluid presents two distinct layers. If a drop of the 
ethereal solution is evaporated on a watch-glass, the residue is 
seen, when magnified 100 times, to consist of small, distinct, 
elongated, and Yance-shaped crystals. 

4, Concentrated nitric acid dissolves narcotin to a colorless 
— which acquires a pure yellow tint upon application of 

eat. 

5. Strong sulphuric acid acts differently upon different spe- 
_cimens of narcotin. Those that are apparently the purest give 
a bluish-violet solution which in a short time becomes dirty- 
orange: specimens which appear less pure give a yellow solu- 
tion at once. If the yellow solution in either case is warmed 
very gradually it becomes at first orange-red, subsequently 
beautiful bluish-violet, or purple-blue stripes are seen pro- 
ceeding from the edge, and finally, when the sulphuric acid 
begins to evaporate, an intense reddish-violet color is formed. 
If the heating is interrupted when the blue color is present, the 
solution slowly becomes cherry-red in the cold. The reac.ion 
is very delicate (Husmmann.)* 


* Zeitschr. f. anal. Chem., 3, 151. 
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6. If to a solution of narcotin in strong sulphuric acid pre 
pared in the cold, 10 to 20 drops of sulphurie acid containing a 
minute quantity of nztric acid (foot-note, p. 392) are added, and 
then two or three drops of water, the fluid becomes intensely 
red. Slight warming is favorable to the reaction. Additiox 
of manganese dioxide does not change the color. If, after dihi 
tion, ammonia is added till the fluid is early neutral, the in- 
tensity of the color is diminished in consequence of the dilution. 
On addition of excess of ammonia a copious dark-brown pre- 
cipitate is finally produced (J. Erpmann). 

If to‘a solution of narcotin in strong sulphuric acid, prepared 
in the cold, sodium hypochlorite is added, a distinct and rather 
permanent crimson color is produced, which passes into yellow- 
ish-red. The solution of narcotin in strong sulphuric acid, 
which has been colored by heat, is turned immediately light- 
yellow by nitric acid or sodium hypochlorite, and a more reddish 
coloration appears gradually (Husemany). 

7. Chlorine water added to solution of a narcotin salt gives 
a yellow color, slightly inclining to green. On the addition of 
ammonia a yellowish-red and much more intense color is pro- 
duced. 

8. If narcotin or a salt of narcotin is dissolved in excess of 
dilute sulphuric acid, mixed with finely powdered manganese 
dioxide, and boiled for some minutes, the alkaloid is converted 
into opianic acid, cotarnin (a base soluble in water), and car- 
bon dioxide. On filtering, and adding amm ia to the filtrate, 
no precipitate will be obtained, 

9. Tannic acid produces whitish precipitates in solution of 
salts of narcotin. When the solutions are very dilute a mere 
turbidity is produced, but a precipitate is formed on addition 
of a drop of hydrochloric acid. The precipitate is very slightly 
soluble in hydrochloric acid. 


+ 
6. Quintin (C,, H,, N, O, = Q). 
§ 228, 
1. Quinin occurs in cinchona bark accompanying cinchonin. 


oe 

Crystallized quinin, (Q + 3H, O) appears either in the form of 
fine crystalline needles of silky lustre, which are frequently 
aggregated into tufts, or as a loose white powder. It is spar- 
ingly soluble in cold, but somewhat more readily in hot water. 
It is readily soluble in alcohol, both cold and hot, but less so in 
ether. The taste of quinin is intensely bitter; the solutions of 
quinin manifest alkaline reaction. Upon exposure to heat it 
loses 3 H, O. 

2. Quinin neutralizes acids completely. The neutral satts 
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taste intensely bitter; most of them are erystallizable, diffi- 
cultly soluble in cold, readily soluble in hot water and in al- 
cohol. The acid salts dissolve very freely in water; the so- 
lutions reflect a bluish tint. If a cone of light is thrown inte 
them, by means of a lens either horizontally or vertically, a blue 
cone of light is seen even in highly dilute solutions. 

8. Potassa, ammonia, and the normal alkali carbonates pro- 
duce in solutions of quinin salts (if they are not too dilute) a white, 
loose, pulverulent precipitate of hydrated quinin, which imme- 
diately after precipitation appears opaque and amorphous un- 
der the microscope, but assumes, after the lapse of some time, 
the appearance of an aggregate of crystalline needles. The 
precipitate redissolves only to a scarcely perceptible extent 
in an excess of potassa, but more so in ammonia. It is 
hardly more soluble in fixed alkali carbonates than in pure 
water. Ammonium chloride increases its solubility in water. 
If a solution of quinin is mixed with ammonia, ether added, 
and the mixture shaken, the quinin redissolves in the ether, 
and the clear fluid presents two distinct layers. (In this 
point quinin differs essentially from cinchonin, which by this 
means may be readily detected in presence of the former, 
and separated from it.) 

4, Sodium bicarbonate also produces, both in neutral and 
acid solutions of quinin salts, a white precipitate. In acidified 
solutions containing 1 part of quinin to 100 parts of acid and 
water, the precipitate forms immediately ;—if the proportion 
of the quinin to the acid and water is 1: 150, the precipitate 
separates only after an hour or two, in the form of distinct 
needles, aggregated into groups. If the proportion is 1: 200, 
the fluid remains clear, and it is only after from twelve to 
twenty-four hours’ standing that a slight precipitate makes its 
appearance. The precipitate is not altogether insoluble in 
the precipitant, and the separation is accordingly the more 
complete the less the excess of the precipitant; the precipi- 
tate contains carbonic acid. i‘ 

5. Concentrated nitric acid dissolves quinin to a colorless 
fluid, turning yellowish upon application of heat. 

6. The addition of chlorine water to the solution of a salt of 
quinin fails to impart a color to the fluid, or, at least, imparts to 
it only a very faint tint; but if ammonia is now added, the 
fluid acquires an intense emerald-green color. If, after the ad- 
dition of the chlorine water, some solution of potassium 
JSerrocyanide is added, then a few drops of ammonia or some 
other alkali, the fluid acquires a magnificent deep-red tint, 
which, however, speedily chaigex to a dirty brown. This reac-_ 
tion is delicate and characteristic. Upon addition of an acid* 
to the red fluid, the color vanishes, but reappears afterwards 


* Acetic acid answers the purpose best, _ 
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upon cautious addition of ammonia. (O. Livontus, communi, 
cated; A. VoaEt.) 

7. Concentrated sulphuric acid dissolves pure quinin and pure 
quinin salts to a colorless or very faint yellowish fluid ; applica- 
tion of a gentle heat turns the fluid yellow, application of a 
stronger heat brown. Sulphuric acid containing an admixture 
of nitric acid dissolves quinin to a colorless or very faint yellow- 
ish fluid. 

8. Tannic acid produces a white precipitate in aqueous solu- 
tions of quinin salts, even when they are exceedingly dilute. 
The precipitate is curdy, and agglutinates on warming; it is 
soluble in acetic acid. 

9. As regards Herapatn’s quinin reaction, based upon the 
polarizing properties of quinin iodo-sulphate, I refer to PAz. 
Mag., 6 171. ; 


a 
¢. Crncuontn (C,, H,, N O,=Ci). 


§ 299. 


1. Cinchonin occurs in cinchona bark, accompanying quinin, 
It appears either in the form of transparent, brilliant, rhombie 
prisms, or fine white needles, or, if precipitated from concen- 


trated solutions, as a loose white powder. At first it is taste- 


less, but after some time a bitter taste of bark becomes percep- 
tible. It is nearly insoluble in cold water, and dissolves only 
with extreme difficulty in hot water; it dissolves sparingly in 


cold dilute alcohol, more readily in hot alcohol, and the most 


freely in absolute alcohol.. From hot alcoholic solutions the 
greater portion of the dissolved cinchonin separates upon cool- 
ing in a crystalline form. Solutions of cinchonin taste bitter, 
and manifest alkaline reaction. Cinchonin is insoluble in 


-ether.* 


2. Cinchonin neutralizes acids completely. The salts have 


the bitter taste of bark: most of them are crystallizable: they 


are generally more readily soluble in water and in alcohol 


ll 


than the corresponding quinin compounds. Ether fails to dis- 
solve them. 

_ 8. Cinchonin, when heated cautiously, fuses at first without 
loss of water ; subsequently white fumes arise which, like ben- 
zoic acid, condense upon cold substances, in the form of small 
brilliant needles, or as a loose sublimate, a peculiar aromatic 
odor being exhaled at the same time. If the operation is con- 


_ * The cinchonin of commerce usually contains in admixture another alkaloid, 


“ealled cinchotin, which is soluble in ether. This alkaloid crystallizes in large 


rhomboidal crystals of brilliant lustre, which fuse at a high temperature, and 


_ cannot be sublimed, even in a stream of hydrogen gas (HLASIWETZ), 
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ducted in a stream of hydrogen gas, long brilliant prisms are 
obtained (H1astwetz). 

4. Potassa, ammonia, and the normal alkali carbonates pro- 
duce in solutions of cinchonin salts a white loose precipitate of 
CINCHONIN, which does not redissolve in an excess of the precipi: 
tants. If the solution was concentrated, the precipitate does 
not exhibit a distinctly crystalline appearance, even. when mag- 
nified 200 times; but if the solution was so dilute that the pre- 
cipitate formed only after some time, it appears under the 
microscope to consist of distinct crystalline needles aggregated 
into star-shaped tufts. 

5. Sodium bicarbonate and potassium bicarbonate precipi- 
tate cinchonin in the same form as in 4, both from neutral and 
acidified solutions of cinchonin salts, but not so completely as 
the alkali monocarbonates. Even in solutions containing 1 
part of cinchonin to 200 of water and acid, the precipitate 
forms immediately; its quantity, however, increases after 
standing some time. 

6. Concentrated sulphuric acid dissolves cinchonin to a col- 
orless fluid, which upon application of heat first acquires a 
_ brown, and finally a black color. Addition of some nitric acid 
leaves the solution colorless in the cold, but upon application 
of heat the fluid, after passing through the intermediate tints 
of yellowish-brown and brown, turns finally black. 

7. The addition of chlorine water to the solution of a cincho- 
nin salt fails to impart a color to the fluid; if ammonia is now 
added, a yellowish-white precipitate is formed. 

§. If the solution of a cinchonin salt, containing only very 
little or no free acid, is mixed with potassiwm ferrocyanide, 
a floveulent precipitate of cinchonin ferrocyanide is formed. 
If an excess of the precipitant is added, and a gentle heat very 
slowly applied, the precipitate dissolves, but separates again 
upon @ooling, in brilliant gold-yellow scales, or in long needles, 
often aggregated in the shape of a fan. With the aid of the 
microscope, this reaction is as delicate as it is characteristic 
(Cu. Dotirvs, Brix, SEttesoun). 

9. Tannic acid produces a white flocculent precipitate in 
aqueous solutions of cinchonin salts; the precipitate is soluble 
ina small quantity of hydrochloric acid, but is reprecipitated 
by addition of more hydrochloric acid. 


Recapitulation and Remarks. 
§ 230. 
Narcotin and quinin, being soluble in ether, whilst cincho- 


nin is insoluble, the two former alkaloids may be most readily 
separated by this means from the latter. For this purpose the 
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analyst need simply mix the aqueous solution of the salts with 
ammonia in excess, then add ether, and separate the solution 
of quinir and narcotin from the undissolved cinchonin. If the 
ethereal solution is now evaporated, the residue dissolved in 
hydrochloric acid, and a sufticient amount of water to make the 
dilution 1: 200, and sodium bicarbonate is then added, the nar- 
cotin precipitates, whilst the quinin remains in solution. By 
evaporating the solution, and treating the residue with water, 
the quinin is obtained in the free state.* 


THIRD GROUP. 


Non-Votatite ALKALOIDS WHICH ARE PRECIPITATED BY PoTassa 
FROM THE SOLUTIONS OF THEIR SALTS, AND DO NOT REDISSOLVE 
to A Prrorpriste Exrent iv AN Excess or THE PRreorrr- 
TANT ;} BUT ARE NOT PRECIPITATED FROM (even somewhat con- 
centrated) Acm Soturions By THE BicarBoNATES OF THE 
Frxep ALKAu-merats: Strychnin, Brucin, Veratrin, Atropin. 


| + 
a. Stryountn (C,, H,, N, O, = Sr). 
8 231. 


1. Strychnin exists in company with brucin in various 
kinds of strychnos, especially in the fruit of strychnos nux 
vomica and of strychnos ignatius. It appears either in the 
form of white, brilliant, rhombic prisms, or, when produced by 
precipitation or rapid evaporation, as a white powder. It has 
an exceedingly bitter taste. It is nearly insoluble in cold, and 
barely soluble in hot water. It is almost insoluble in absolute 
alcohol and ether, and only sparingly soluble in dilute alcohol. 
It dissolves freely in amylic alcohol, more especially with the 
aid of heat, likewise in benzol (Rop@rrs) and chloroform (Prt- 
TENKOFER). It does not fuse when heated. By cautious heat- 
ing it may be sublimed unaltered (HeEtwie), see foot-note 

226, 1. 
fos Strychnin neutralizes acids completely. The strychnin 


* The reaction with ammonia and ether fails to effect the separation of 
quinin from various other bases found associated with it, viz.: «, quinidin ; B, 
quinidin; yy, quinidin, and cinchonidin; since, as G. KERNER (Zeitschr. f. 
anal. Chem., 1, 150) has shown, several of these other alkaloids are pretty 
freely soluble in ether. In fact, no qualitative reaction will enable the analyst 
to fully effect this purpose; but it may be accomplished by means of a sim- 
ple volumetrical method, based upon the circumstance that the quinin thrown 
flown by ammonia from a solution of the sulphate, requires less ammonia to 
redissolve it than all the other alkaloids of the bark. Concerning the separa- 
tion of quinin from quinidin, compare SCHWARZER (Zeitschr. f.anal. Chem., 
4, 129), and concerning the separation of the cinchona alkaloids in general, see 
VAN DER Bure (Zeitschr. f. anal. Chem., 4, 273). 


¢ Regarding atropin, see § 241, 4. 
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salts are, fur the most part, erystallizable; they are soluble in 
water, have an intolerably bitter taste, and are, like the pure 
alkaloid, exceedingly poisonous. ; | 

3. Potassa and sodium carbonate produce in solutions of 
strychnin salts white precipitates of srrycunry, which are in- 
soluble in an excess of the precipitants. Magnified 100 times 
the precipitate appears as an aggregate of small crystalline 
needles. From dilute solutions the strychnin separates only 
after the lapse of some time, in the form of crystalline needles, 
distinctly visible to the naked eye. 

4. Ammonia produces the same precipitate as potassa. The 
precipitate redissolves in an excess of ammonia; but after a 
short time—or if the solution is highly dilute, after a more 
considerable time—the strychnin crystallizes from the ammoni- 
acal solution in the form of needles, which are distinctly visi- 
ble to the naked eye. 

5. Sodium bicarbonate produces in neutral solutions of 
strychnin salts a precipitate of strychnin, which separates in 
fine needles shortly after the addition of the reagent, and is 
insoluble in an excess of the precipitant. But upon adding 
one drop of acid (so as to leave the fluid still alkaline), the 
peel ate dissolves readily in the liberated carbonic acid. 

he addition of sodium bicarbonate to an acid solution of 
strychnin causes no precipitation, and it is only after the lapse 
of twenty-four hours, or even a longer period, that strychnin 
crystallizes from the fluid in distinct prisms, in proportion as 
the free carbonic acid escapes. Ifa concentrated solution of 
strychnin, supersaturated with sodium bicarbonate, is boiled for 
some time, a precipitate forms at once; from dilute solutions 
this precipitate separates only after concentration. 

6. Potassium sulphocyanate produces in concentrated solu- 
tions of strychnin salts immediately, in dilute solutions after 
the lapse of some time, a white crystalline precipitate, which 
appears under the microscope as an aggregate of flat needles, 
truncated or pointed at an acute angle, and is but little solu- 
ble in an excess of the precipitant. 

7. Mercuric chloride produces in solutions of strychnin salts 
a white precipitate, which changes after some time to crystal- 
line needles, aggregated into stars, and distinctly visible through 
a lens. Upon ‘heating the fluid these crystals redissolve, and 
npon subsequent cooling of the solution the compound recrys- 
tallizes in larger needles. 

8. If a few drops of pure concentrated sulphuric acid are 
added to a little strychnin in a porcelain dish, solution ensues, 
without coloration of the fluid. If small quantities of oxidiz- 
ing agents (potassium chromate, permanganate, or ferricyanide, 
lead dioxide, or manganese dioxide) are now added—best in the 
solid form, as dilution is prejudicial to the reaction—the fluid 
acquires a magnificent blue-violet color, which, after some time, 
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changes to wine-red, then to reddish-yellow. With potassium 
chromate or permanganate the reaction is immediate; on in- 
-elining the dish, blue-violet streaks are seen to flow from the 
salt fragment, and by pushing the latter about, the coloration 
is soon imparted to the entire fluid. -With potassium ferricya- 
nide the reaction is less rapid; but it is slowest with dioxides. 
The more speedy the manifestation of the reaction, the more 
rapid is also the change of color from one tint to another. 1 
prefer potassium chromate, recommended by Orro, or potassium 
permanganate, recommended by Guy, to all other oxidizing 
agents. JorDAN succeeded, with chromate, in distinctly show- 
ing the presence of sy4y5 grain of strychnin. J. ErpMann pre- 
fers manganese dioxide in lentil-sized fragments. Metallic 
chlorides and considerable quantities of nitrates, also large 
quantities of organic substances, prevent the manifestation of 
the reaction or impair its delicacy. It is therefore always ad- 
visable to free the strychnin first, as far as practicable, from ull 
foreign matters before proceeding to try this reaction. . If the 
solution colored red (by manganese dioxide) is mixed with from 
4 to 6 times its volume of water, heating being avoided, and 
ammonia is then added until the reaction is nearly neutral, the 
fluid shows a magnificent violet-purple tint; upon addition of 
more ammonia the color becomes yellow-green to yellow (J. 
Erpmann). I have found, however, that this reaction is seen 
only where larger, though still very minute, quantities of strych- 
nin are present. Morphin interferes with this reaction.* In 
order to remove the morphin, the concentrated aqneous. 
neutral solution of the substance is mixed with potassium fer- 
ricyanide (NEUBAUER) or normal potassium chromate (Horstry). 
and filtered. The precipitate contains the strychnin, the solu- 
tion the morphin. The precipitate is washed a little, dried, 
aud mixed in a watch-glass with strong sulphuric acid. The 
blue-violet color is immediately produced. It should be borne 
in mind that the strychnin precipitates are not insoluble in. 
water.t Finally, I must mention that curarin produces the 
same reaction with sulphuric acid and potassium chromate as. 
strychnin. They differ, however, in this, that curarin is colored 
red by sulphuric acid alone, and it gives much more permanent 
colorations with the chromate than strychnin (DRracEenporFr). 

9. Strong chlorine water produces in solutions of strychnin 
salts a white precipitate, soluble in ammonia to a colorless 


fluid. NE 


* REESE, Zeitschr. f. anal. Chem., 1,399. Horsey, Jé¢d,, 1, 515. THomas, 
pei ts, Oli. : ie. 

+ RoDGERS recommends to separate strychnin from morphin by benzol. in 
which the former alone is soluble. THOMAS recommends to render the solu- 
tion of the acetates alkaline with potash, and to shake with chloroform; the 
morphin remains in the alkaline solution, while the strychnin dissolves in the 
ehloroform ae ee 


26 
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10. Strong nitric acid dissolves strychnin and its salts to a 
colorless fluid, which ttirns yellow when heated. 

11.. Zannie acid produces in solutions of strychnin salts 
heavy white precipitates, insoluble in hydrochlori¢ acid. 


4+ 
b. Bruorw (C,, H,, N,O,=Br). 
§ 232. 
1. Brucin occurs with strychnin (see § 231). Crystallized 


+ 

brucin (Br+4 H,O) appears either in the form of transparent 
straight rhombic prisms, or in that of crystalline needles aggre- 
gated into stars, or as a white powder composed of minute 
crystalline scales. Brucin is difficultly soluble in cold, but 
somewhat more readily in hot water. It dissolves freely in 
alcohol, both in absolute and dilute, also in cold, but more 
readily still in hot, amylic alcohol; but it is almost insoluble 
in ether. Its taste is intensely bitter. When heated, it fuses 
with loss of its crystal water. By cautious heating it may be 
sublimed unchanged (see foot-note, § 226, 1). 

2. Brucin neutralizes acids completely. The salts of brucin 
are readily soluble in water, and of an intensely bitter taste. 
Most of them are crystallizable. 

3. Potassa and sodium carbonate throw down from solutions 
of brucin salts a white precipitate of brucin, insoluble in an ex- 
cess of the precipitant. Viewed under the microscope, imme- 
diately after precipitation, it appears to consist of very minute 
grains; but upon further inspection, these grains are seen— 
with absorption of water—to suddenly form into needles, 
which latter subsequently arrange themselves without excep- 
tion into concentric groups. These successive changes of the 
precipitate may be traced distinctly even with the naked eye: 

4. Ammonia produces in solutions of brucin salts a whitish 
precipitate, which appears at first like a number of minute 
drops of oil, but changes subsequently—with absorption of 
water—to small needles. The precipitate redissolves, imme- 
diately after separation, very readily in an excess of the pre- 
cipitant; but after a very short time—or, in dilute solutions, 
after a more considerable lapse of time—the brucin, ecinbined 
with crystal water, crystallizes from the ammoniacal fluid in 
small concentrically grouped needles, which addition of am- 
monia fails to redissolve, 

5. Sodium bicarbonate produces in neutral solutions of brucin 
salts a precipitate of brucin, combined with crystak water ; this 
precipitate separates, after the lapse of a short time, in form of 
concentrically aggregated needles of silky lustre, which are 
‘msoluble in an excess of the precipitant, but dissolve in free 
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carbonic acid (compare Sérychnin). Sodium bicarbonate fails 
to precipitate acid solutions of brucin salts; and it is only after 
the lapse of a considerable time, and with the escape of the 
carbonic acid, that the alkaloid separates from the fluid in regu- 
lar and comparatively large crystals. 

6. Concentrated nitric acid dissolves brucin and its salts to 
intensely red fluids, which subsequently acquire a yellowish- 
red tint, and turn yellow upon application of heat. Upon ad- 
dition of stannous chloride or ammonium sulphide to the heated 
fluid, no matter whether concentrated or after dilution with 
water, the faint yellow color changes to a most intense violet. 

7. If a little brucin is treated with from 4 to 6 drops of pure 
concentrated sulphuric acid, a solution of a faint rose color is 
obtained, which afterwards turns yellow. If 10 or 20 drops of 
sulphuric acid mixed with some nitric acid (foot-note, § 226, 7) 
are added, the fluid transiently acquires a red, afterwards a 
yellow color. Addition of manganese dioxide transiently im- 
parts a red, then a gamboge tint to the fluid. If the fluid is 
then, with proper cooling, diluted with 4 parts of water, and 
ammonia added to nearly neutral reaction, or even to alkaline 
reaction, the solution acquires a gold-yellow color (J. Erp- 
MANN). 

8. Addition of chlorine water to the solution of a salt of 
brucin imparts to the fluid a fine bright-red tint ; if ammonia is 
then added, the red color changes to yellowish-brown. 

9. Potassium sulphocyanate produces in concentrated solu- 
tions of salts of brucin immediately, in dilute solutions after 
some time, a granular crystalline precipitate, which, under the 
microscope, appears composed of variously aggregated polyhedral 
crystalline grains. Friction applied to the sides of the vessel 
promotes the separation of the precipitate. 

10. Mercurie chloride also produces a white granular pre- 
cipitate, which, under the microscope, appears composed of 
small roundish crystalline grains, 

11. Tannie acid produces in solutions of salts of brucin 
heavy dirty-white precipitates, soluble in acetic acid, insoluble 
in hydrochlorie acid. 


+ 
c. Veratrin (O,, H,, N, O,) Ve. 
§ 233. 


1. Veratrin occurs in various species of veratrum, especially 
in the seeds of veratrum sabadilla (with veratric acid), and in 
the root of veratrum album (with jervin). It appears in the 
form of small prismatic crystals, which acquire a porcelain- 
like look in the air, or as a white powder of acrid and burning, 
but not bitter taste; it is exceedingly poisonous. Veratrin acta 
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with great energy upon the membranes of the nose; even the 
most minute quantity of the powder excites the most violent 
sneezing. It is insoluble in water ; in alcohol it dissolves read- 
ily, but more sparingly in ether. At 115° it fuses like wax, 
and solidifies upon cooling to a transparent yellow mass. By 
cautious heating it may be sublimed unchanged (see foot-note, 
§ 226, 1). 

2. Veratrin neutralizes acids completely. Some veratrin 
salts are crystallizable, others dry up to a gummy mass. They 
are soluble in water, and have an acrid and. burning taste, 

8. Potassa, ammonia, and the alkali monocarbonates pro- 
duce in solutions of veratrin salts a flocculent white precipitate, 
which, viewed under the microscope immediately after precipi- 
tation, does not appear crystalline. After the loam of a few 
minutes, however, it alters its appearance, and small scattered 
clusters of short prismatic crystals are observed, instead «4 
the original coagulated flakes. The precipitate does not redis- 
solve in an excess of potassa or of potassium carbonate. It 
is slightly soluble in ammonia in the cold, but the dissolved 
portion separates again upon application of heat. 

4. With sodiwm bicarbonate and potassium bicarbonate the 
salts of veratrin comport themselves like those of strychnin and 
brucin. However, the veratrin separates readily upon. boiling, 
even from dilute solutions. 

5. If veratrin is acted upon by concentrated nitric acid, it 
agglutinates into small resinous lumps, which afterwards dis- 
solve slowly in the acid. If the veratrin is pure the solution is 
colorless. 

6. If veratrin is treated with concentrated sulphuric acid, it 
also agglutinates at first into small resinous lumps; but these 
dissolve with great readiness to a faint yellow fluid, the color 
of which gradually increases in depth and intensity, and 
changes afterwards to a reddish-yellow, then to an intense 
blood-red, and finally to’ purple-red. The color persists 2 or 
3 hours, then disappears gradually. Addition of sulphuric 
acid, containing nitric acid, or of manganese dioxide, causes no 
great change of color. If the fluid is then diluted with water, 
and ammonia added until the reaction is nearly neutral, a yel- 
lowish solution is obtained, in which ammonia added in excess 
produces a greenish light-brown precipitate (J. ERpmann). 

7. If veratrin is dissolved in strong hydrochloric acid, a col- 
orless fluid is obtained, which by long boiling acquires an in- 
tensely red tint, permanent on standing. The reaction is very 
delicate, and occurs not only with the perfectly pure veratrin, 
but with the ordinary commercial alkaloid (Trapp). 

8. Potassium sulphocyanate produces only in concentrated 
solutions of veratrin salts flocculent gelatinous precipitates. 

_ 9. Addition of chlorine water to the solution of a veratrin 
salt imparts to the fluid a yellowish tint. which, upon additior 
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of ammonia, changes to a faint brownish color. In concen 
trated solutions chlorine produces a white precipitate. . 


d. Arropin (C,, H,, N O,). 
§ 234. . 


1. Atropin occurs in all parts of the deadly nightshade 
(atropa belladonna) and of the thorn-apple (datura stramonium). 
It forms small brilliant prisms and needles. It is, when pure, 
without odor and nauseously bitter; it fuses at 90°, and volatil- 
izes at 140° with partial decomposition. By heating between 
watch-glasses it volatilizes without blackening. The sublimate 
is soft and oily. Atropin dissolves in about 300 parts of cold 
water, and 60 parts of boiling water, it is very soluble in alco- 
hol, the saturated alcoholic solution is precipitated by the addi- 
tion of a small quantity of water. It is very soluble in chlcro- 
form and amylic alcohol, but it requires about forty parts of 
ether for solution. 
2. Atropin combines with acids, forming salts, some of 
which, particularly the acid salts, do not crystallize. The 
salts dissolve easily in water and alcohol, scarcely at all in 
ether. The aqueous solutions of the salts acquire a dark color 
by long heating. . 
_ 3. Atropin and its salts are active -narcotic poisons.. When 
a to the eye they dilate the pupil for a considerable time. 
Ilyoscyamin has the same action; but the dilatation in this 
case is rather slower in making its appearance, and more lasting. 
4. Potassa and fiwed alkali monocarbonates, added to con- 
<entrated aqueous solutions of atropin salts, precipitate a portion 
(£ the alkaloid. The precipitate, which is at first pulverulent, 
<loes not dissolve in excess of the precipitant more readily than 
in water. By long standing it becomes crystalline. Ammonia 
likewise produces a precipitate, soluble in excess. Atropin is 
decomposed, in contact with fixed alkalies or with baryta water, 
slowly in the cold, rapidly on heating. bthtin 
5. Ammonium carbonate and alkali bicarbonates do not pre- 
cipitate solutions of salts of atropin. 
6. Aurie chloride, added to aqueous solutions of atropin salts, 
throws down a compound of atropin hydrochloride and auric 
chloride in the form of a yellow precipitate, which gradually 
turns crystalline. 
7. Lannie acid produces in aqueous solutions of salts of atro- 
‘pin a white curdy precipitate soluble in ammonia. — 6 

8. If atropin is warmed with concentrated sulphuric acid to 
slight browning, and a few drops of water are added, an agreeable 
odor is evolved, recalling the sloe blossom, or perhaps more 
the galium verum. On further heating the “dor increases. 

9. Cyanogen gas, passed into a sufficiently coneentrated alco- 
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holic solution of atropin, preduces a reddish-brown color (Hin. 
TERBERGER). 

10. Picrie acid does not precipitate solutions of pure salts 
of atropin. Consequently solutions of atropin which after acidi- 
fication with dilute sulphuric acid give a precipitate with this 
reagent, must be considered to contain some other unknown 
alkaloid (Hager). 


Tvecapitulation and Remarks. 
§ 235, 


Strychnin may be separated from brucin, veratrin, and atropin 
by means of absolute alcohol, since it is insoluble in that men- 
struum, whilst the latter alkaloids readily dissolve in it. The 
identity of strychnin is best established by the reaction with sul- 
phuric acid and the above-mentioned oxidizing agents ;* also by 
the form of its crystals—when thrown down by alkalies— 
viewed under the microscope; and lastly, by the form of the 
precipitates produced by potassium sulphocyanate and mercurie 
chloride. Brucin and veratrin may be separated from atropin 
by shaking the alkaline solution with petroleum ether (Dracun- 
DORFF). The latter takes up the brucin and veratrin, but not 
the atropin. By separating the aqueous fluid from the petro- 
leum ether, and shaking it with ether, the atropin may be ob- 
tained in ethereal solution. Brucin and veratrin are not readil 
separated froin one another, but may be detected in presence ‘a 
each other. The identity of brucin is best established by the 
reactions with nitric acid and stannous chloride or ammonium 
sulphide, or by the form of the crystalline precipitate which 
ammonia produces in solutions of salts of brucin. Veratrin is 
sufficiently distinguished from brucin and the other alkaloids 
which we have treated of, by its characteristic deportment at a 
le heat, and also by the form of the precipitate which alka- 
ies produce in solutions of its salts. To distingnish veratrin in 
presence of brucin, the reaction with concentrated sulphuric 
acid or with hydrochloric acid is selected. 


C. Properties AND REACTIONS OF CERTAIN NON-NITROGENOUS 
Bopres ALLIED TO THE ALKALtorps, viz., Sauiom, Dierrain, 
AND PIcROTOXIN. 

§ 236. 


a. Sauior (C,, H,, O,). | 
1. Salicin exists in the bark and leaves of most kinds of wil- 


* The only substance which besides curarin (see above) shows somewhat 
analogous reactions in this respect, is anilin. A. Guy has, however, called 
attention to the fact that anilin, treated with sulphuric acid and oxidizing 
agents, acquires a pale-green color at first, which gradually deepens, and only 
then changes to a magnificent blue, which, after persisting some time, turns 
finally black. 
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low and some kinds of poplar. It appears either in the form 
of white crystalline needles and scales of silky lustre, or, where 
the crystals are very small, as a powder of silky lustre. It has 
a bitter taste, is readily soluble in water and alcohol, but insolu- 
ble in ether. 

2. No reagent precipitates salicin as such. 

3. If salicin is treated with concentrated sulphuric acid, it 
agglutinates into.a resinous lump, and acquires an intensely 
blood-red color, without dissolving ; the color of the sulphuric 
acid is at first unaltered. 

4, If an aqueous solution of salicin is mixed with hydrochlo- 
roc acid and boiled for a short time, it suddenly becomes turbid 
with formation of sugar and deposits a white agglutinating pre- 
cipitate (saliretin). If the precipitated liquor is now mixed 
with 1 or 2 drops of potassium chromate and boiled, the salire- 
tin will acquire a bright rose color, the characteristic odor of 
salicyl-aldehyd being emitted at the same time. 


§ 237. 
b. Dierrain (C,, H,, O,, %). 


1. Digitalin exists in the leaves, seeds, and capsules of the 
fox-glove (digitalis purpurea). It is usually white, amorphous, 
butit may also be obtained in erystals.* It is without odor, bit- 
ter, and an active poison ; its powder irritates the eyes and causes 
sneezing. At 180° it becomes colored, but does not fuse, above 
200° it is completely decomposed. 

2. Digitalin is neutral. It dissolves in all proportions in 
chloroform, and in about 12 parts of alcohol of 90° at the ordi- 
nary temperature, but more readily on boiling ; it is less sulnble 
in absolute alcohol. It is only very slightly soluble in ether 
free from alcohol. It is very difficultly soluble in water, even 
when boiling (1 part requires 1,000 parts of boiling water), the 
solution, however, has a very bitter taste. 

3. When digitalin is dissolved in concentrated sulphuric 
acid (to which it imparts.a green color), and the solution is 
stirred with a rod dipped in éromine water, a violet reddish 
coloration makes its appearance (GRaNDEAU, J. Orro). When 
the experiment is made in the manner directed the reaction is 
very dallas and characteristic. Delphinin only shows a 
similar deportment ; but when an acid solution is shaken with 
ether delphinin does not pass into the ether, while digitalin 
does (Oro). 


* NATIVELLE gives a method for preparing crystallized digitalin (see Journ. 
de Pharm. 9, 255—Zeitschr. f. Chem., 5, 401—-Chem. Centr. Bl., 1870, 30). The 
commercial digitalin is frequently a mixture of various bodies, and this ex- 
plains why the properties of digitalin, as given by different chemists, are found 
to vary so greatly. - 
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4. Hydrochloric acid dissolves digitalin with a greenish- 
yellow color; water precipitates a resinous body from this solu- 
tion. WVitric acid dissolves it with evolution of red fumes. 
Acetic acid dissolves it without being colored. 

5. On shaking a solution of digitalin, even if acid, with 
ether, the digitalin passes into the ether (J. Ovro). 

6. The solutions of digitalin are not precipitated by solution 
of wodine, picric acid, and metallic salts, but they are precipi- 
tated by tannic acid. The precipitate is somewhat soluble in — 
boiling water. Ts 

7. On boiling digitalin with dilute sulphuric acid sugar 
and digitaliretin are formed (Waxz, Kossmann). The former 
may be recognized by its power of reducing alkaline solution of 
copper, the latter crystallizes from hot alcohol in brilliant 
grains (KossMANN). .J. Orro says that on boiling down a solu- 
tion of digitalin in dilute sulphuric acid an odor recalling in- 
fusion of digitalis is noticed. . 


g 238. 
¢. Picroroxtin (C,, H,, O,) 


1. Picrotoxin is the poisonous principle of the fruit of men 
isjermum cocculus. It forms white brilliant four-sided prisins 
or needles. It is without odor, very bitter, a narcotic poison, 
fuses when heated, yielding empyreumatic fumes. 

2. Picrotoxin is neutral. It dissolves in water, especially 
when hot, with tolerable ease, and crystallizes from thé solution 
in needles on cooling and evaporation, Hot alcohol dissolves 
it with extreme facility. The concentrated solution solidifies 
when cold to a silky mass; more dilute solutions give silky 
needles when evaporated.  Picrotoxin is difficulty soluble in 
ether. The latter does not withdraw it from aqueous or alka- 
line solution, but it does withdraw it from aciditied solutions (G. 
GinxeL). The ethereal solution when evaporated leaves the 
picrotoxin in the form of powder or scaly crystals. _ 

3. Acids do not neutralize picrotoxin, and, with the excep- 
tion of acetic acid, do not increase its solubility in water. 

4, Ammonia, potassa, and soda dissolve picrotoxin freely. 
Acids, even carbonic acid, precipitate it from the.concentrated 
solutions. Picrotoxin therefore possesses the character of an 
acid rather than of a base. The solutions of picrotoxin in 
pene or soda when heated acquire a yellow or yellowish-red 
color. sp 
5. If a solution of picrotoxin containing potassa or soda is 
mixed with a solution of potusstwm-copper tartrate and warmed 
gently, cuprous oxide separates. } 

6. Solutions of iodine, picric acid, tannic acid, and metallic 


salcs do not precipitate solutions of picrotoxin. 
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Systematic Course ror THE Derecrion or 'ruE ALKALOIDS ANG 
or Saricin, Diarratin, AND Picroroxin. : 


Tn the methods described under I. and IL., it is presupposed 
that the non-volatile alkaloids, &e., are in concentrated sol ution, 
dissolved in water by the agency of acids, and free from any 
substances which would obscure or modify the reactions. 
Under III. will be described methods to be used in the pres- 
ence of coloring or extractive matters, and for the detection of ~ 
volatile alkaloids. 


I. -Derrrcrion oF THE NoN-voLATILE ALKALomps, &c., in Souu- 
TIONS CONTAINING ONLY ONE OF THESE SUBSTANCES.* 


§ 239, 
1. To a portion of the solution add a drop of dilute sulphuric 


* Where the detection of one of the five more frequently occurring poison- 
ous alkaloids alone is the object, the following simple method, devised by J. 
' ERDMANN, will fully answer the purpose. 

In this method, which is more especially applicable in cases where the dis-_ 
posable quantity of substance is very small, the alkaloids are supposed to be 
present in the pure state and in the solid form. 

1. Treat the substance with 4 or 6 drops of pure concentrated sulphuric acid. 

Yellow color, speedily changing to red: VERATRIN. 

Rose color, changing afterwards to yellow: BRUCIN. 

The other alkaloids, if pure, impart no color to the sulphuric acid. (See 
HUSEMANN’S statement in opposition, § 227, 5. 

2. No matter whether there is color or not, add to the fluid obtained in 1, 
10 or 20 drops of concentrated sulphuric acid mixed with nitric acid (see foot- 
note to § 226, 7), then 2 or3 drops of water. After a quarter or half-hour the 
fluid shows: 

uw; a violet-red color: MORPHIN; 

d, an onion-red color: NARCOTIN ; 

c. a transient-red tint, changing to yellow: BRUCIN; 

d. the red color of the sulphuric acid solution of VERATRIN is not materially 
altered ; 

é. with STRYCHNIN no coloration is observed. 

8. Put into the fluid obtained in ?, no matter whether colored or not, 4 or 6 
clean fragments of manganese dioxide of the size of a lentil. Within an hour 
the fluid shows: 

@, a mahogany-brown color: MORPHIN ; 

b. a yellowish-red to blood-red color : NARCOTIN; 

¢. a transient purple-violet tint, changing to deep onion-red : STRYCHNIN ; 

d. atransient red tint, changing to gamboge-yellow: BRUCIN ; 

é, a dark dirty cherry-red color: VeRATRIN. 

4. Pour the colored fluid obtained in 3, into a test-tube containing 4 times 
the volume of water, and add ammonia until the neutralization point is almost 
attained. Heat must be avoided as much as possible in these operations. 

a, dirty-yellow color, changing to brownish-red upon supersaturation with 
ammonia, without immediate deposition of a notable precipitate : MORPHIN ; 

6. reddish coloration, more or less intense according to the degree of dilu 
tion; upon supersaturation with ammonia, copious dark-brown precipitate . 
NARCOTIN. 

¢.. violet-purple colored solution, becoming yellowish-green to yellow upon 
addition of ammonia in excess: STRYCHNIN; 

@. gold-yellow solution, not materially ‘changed by excess of ammonia’ 
BRUCIN ; 

“e. faint brownish solution, turning yellowish upon further addition of ammo- 
nia, and depositing a greenish light-brown precipitate : VERATRIN. 
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acid and then some solution of iodine in potassium iodide or of 
phospho-molybdic acid. 

a. No precipitate is formed. Absence of all alkaloids, 
possible presence of salicin, digitalin, picrotoxin. Pass on 
to 5, 

b. A precipitate is formed. There is cause to suspect 
the presence of an alkaloid. Pass on to 2. 

2. To a portion of the aqueous solution add dilute potassa or 
soda drop by drop, till the fluid acquires a scarcely perceptible 
alkaline reaction, stir, and allow to stand for some time. 

a. No precipitate is formed; this is a positive indica- 
tion, if the solution was concentrated, of the absence of all 
alkaloids ; but if the solution was dilute, there is a possibil- 
ity that Arroprn may be present. Test further portions of 
the solution therefore if necessary according to § 284 with 
auric chloride, tannic acid, and heating with sulphuric acid. 

b. A precipitate is formed. Add potassa or soda drop 
by drop till the fluid is strongly alkaline, and if it does not 
become clear, water also. 

a. The precipitate disappears: morphin or atropin. 

Test a fresh portion of the solution with iodic acid (§ 226, 

10). 

aa. Separation of vodine: morruix. Confirm by 
§ 226, 7 and 8. 
bb. No separation of iodine: arrorix. Confirm as 
in a. 
b. Theprecipitate does not disappear: presence of an 
alkaloid of the second or third group (atropin excepted). 
Pass on to 3. 
_ 8. To another portion of the original solution add two or 
three drops of dilute sulphuric acid, then a saturated solution of 
sodium bicarbonate, till the acid reaction just vanishes ; stir ac- 
tively with a glass rod, rubbing the sides of the vessel, and allow 
to stand half an hour. | 

a. No precipitate is formed: absence of narcotin and 
cinchonin. Pass on to 4. 

b. A precipitate is formed: narcotin, cinchonin, per- 
haps also quinin (since its precipitations by sodium bicar- 
bonate is entirely dependent on the amount of water pres- 
ent). Toa portion of the original solution add ammonia 
in excess, then a sufficient quantity of ether, and shake. 

«. Lhe precipitate redissolves in the ether, the clear 
tuid presenting two distinct layers. Narcotin or quinin. 

To distinguish between them test a fresh portion of 

the original solution with chlorine water and ammonia, 

If the solution turns green quryin is present, if yellow- 

ish-red, NARCcoTIN is present. To confirm for narcotin 

apply the test with sulphuric acid containing nitri: 
acid (§ 227, 6). : 
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8. The precipitate does not redissolve in the ether : c1n- 
cuontn. To confirm, try the deportment on heating 
(§ 229, 3) or to potassinm ferrocyanide (§ 229, 8). 

4, Put a portion of the original substance or of the residue 
obtained by evaporating the original solution, in a watch-glass, 
and add concentrated sulphuric acid. 

a. A rose-colored solution is obtained, which becomes 
intensely red upon addition of nitric acid: BRuctn. Con- 
firm by nitric acid and stannons chloride (§ 232, a 

b. A yellow solution is obtained, which gradually turns 
yellowish-red, blood-red, and crimson: VERATRIN. 

¢. A colorless solution is obtained, which remains color- 
less on standing. Add a fragment of potassium chromate, 
a deep blue coloration indicates srrycunty, no change in- 
dicates guinin. Contirm by chlorine water and ammonia. — 

5. To determine whether salicin, digitalin, or picrotoxin are 
present, mix a fresh portion of the original solution with tan- 
nic acid. 

a A dirty white flocculent precipitate : DIGITALIN: may 
be suspected. Test for it with sulphuric acid and bromine 
water (§ 237, 3). 

6. No precipitate is formed. Make a portion of the orig- 
inal solution barely alkaline with soda solution, add a so 
lution of copper potassium tartrate, and warm. 

a. Cuprous oxide is thrown down : PIoROTOXIN may 
be suspected. Acidify a portion of the original solution, 
add ether, shake, pour off the ethereal layer, and let it 
evaporate. If picrotoxin is present, it will remain, and 
may be further tested by § 238. 

B. Wo cuprous oxide is thrown down ; saLiciIn may 
be suspected. Test for it by boiling with dilute hydro- 
chloric acid, &c., according to § 286, 4, and by concen- 
trated sulphuric acid, according to § 286, 3. 


If. Derecrion or tHE Non-votaTiLE ALKALorps, &e., 1n Sotov- 
TIONS WHICH MAY CONTAIN ALL THESE SUBSTANCES. 


§ 240. 


1, Acidify the solution with hydrochloric acid, add pure ether 
free from alcohol, shake, pour off the ether, and allow it to 
evaporate in a glass dish. 

a. No residue remains: absence of digitalin and picro- 
toxin. Pass on to 2. 

b. A residue remains: digitalin and picrotoxin may 
be suspected (it must not be forgotten that other substances 
might pass into ethereal solution under these circumstances, 
such as oxalic acid, tartaric acid, lactic acid, Orro). Add 
fresh ether to the aqueous residue, shake again and pour 
off, in order to remove whatever is soluble in ether as com- 
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pletely as possible, and let the ether evaporate. Proceed 
with the aqueous residue according to 2, and treat the resi- 
due of the ether solution, which may contain traces of 
atropin, as follows :— 

«. Dissolve a portion in alcohol, and allow the solu- 
tion to evaporate slowly: long silky needles radiating 
from a point indicate prororoxin, Confirm according 
to § 288. . 

B. Dissolve a portion in concentrated sulphuric acid, 
and add bromine water. A reddish color indicates picr- 
ratin. Confirm by § 237. 

y- Traces of arropmn can only be recognized by the 
property of the aqueous solution of the residue to dilate 

the pupil. 

2. To a portion of the aqueous solution add a solution of 
iodine in potassiuin iodide, to another portion add some phospho- 
molybdie acid. . 

a. A precipitate is produced in both cases: alkaloids 
are indicated. Pass on to 3. . 
b. No precipitate is produced in either case: alkaloids 
are contra-indicated. Pass on to test for salicin according 
to § 2386. . earn 

3. To asmall portion of the aqueous solution add potassa or 
soda till just alkaline, observe whether or no a precipitate is 
produced, then add potassa or soda in good excess, and dilute. 

a. No precipitate was produced by potassa or soda, or 
a precipitate so produced has redissolved: presence of 
atropin or morphin, absence of all other alkaloids. Mix a 
fresh and larger portion of the aqueous solution with so- 
dium bicarbonate in excess, stir, and allow to stand some 
time. 
a, Wo precipitate is produced; absence of morphin. 
Shake the fluid with ether, separate the ether, allow it 
to evaporate, and test the residue for arropin by § 234, 
Gy Tf ul 
B. A precipitate is produced; morrutn. Filter, treat 
the filtrate according to a, to test for atropin, and test 
ae precipitate for morphin according to § 226, 7 
and 8. nt ae 
6. A precipitate was produced by potassa or soda, 
which would not dissolve in excess of the precipitant or by 
moderate dilution : treat a larger portion of the acidified 
aqueous fluid like the small portion above, and filter. Pro- 
ceed with the precipitate according to 4. Shake the alka- 
line filtrate with ether, allow to stand for an hour (so that 
the morphin which has at first dissolved in the ether may 
separate again as completely as possible), and separate the 
ether. Allow the ether to evaporate, and test the residue 
for arrorvin according to § 234, 6, 7, 8. Separate the 
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morFHIN from the aqueous layer by carbonic acid (§ 226, 4) 
and test it according to § 226, 7 and 8. 

4. Wash the precipitate filtered off in 3,6, with cold water, 
dissolve it in slight excess of dilute sulphuric acid, add solution 
of sodinm bicarbonate till the fluid is neutral, stir actively, rub- 
bing the sides of the vessel, and allow to stand for an hour. 

a. No precipitate is formed: absence of narcotin and 
cinchonin. Boil the solution nearly to dryness, and take 
up the residue with cold water. If nothing insoluble re- 
mains, pass on to 6; if a residue does remain, examine it 
by 5 for quinin (of which a small amount may be present), 
strychnin, brucin, and veratrin. 

b. A precipitate is formed. (This may contain nar- 
eotin, cinchonin, and quinin, compare § 239, 3 4.) _ Filter, 
proceeding with the filtrate according to a, with the pre- 
cipitate as follows:—Wash it with cold water, dissolve in a 
little hydrochloric acid, add ammonia in excess, and then 
a sufficient quantity of ether. 

a. The precipitate has completely dissolved in the 
ether, and two clear layers of fluid are formed : absence 
of cinchonin, presence of quinin or narcotin. Evapo- 
rate the ethereal solution, take up the residue with a little 
hydrochloric acid, add water till the dilution is at least 
1:200, then sodium bicarbonate till neutral, and allow 
to stand for some time. A precipitate indicates NARco- 
TIN: contirm by chlorine water and ammonia, also by 
sulphuric acid containing nitric acid (§ 227). Evaporate 
the clear fluid or the filtrate from the narcotin to dryness, 
and treat with water. Ifa residue remains, wash ut, dis- 
solve in hydrochloric acid, and add chlorine water and 
ammonia; a green coloration indicates QUININ. 

6. The precipitate has not dissolved in the ether, or 
not completely : CINCHONIN, perhaps also quinin or narco- 
tin. Filter, and test the filtrate ay in « for quinin and 
narcotin; the precipitate consists of cinchonin, and 
may be further tested according to § 229, 3 or 8. 

5. Wash the insoluble residue of 4, a, with water, dry it ina 
water-bath, and digest with absolute alcohol. 

a. It dissolves completely : absence of strychnin, pres 
ence of (quinin) brucin or veratrin. Evaporate the alco- 
holic solution on the water-bath to dryness, and, if quinin 
has already been detected, divide the residue into two 
portions, and test one part for BrucIN, with nitric acid and 
stannous chloride (§ 232, 6), the other for vERATRIN, by 
means of concentrated sulphuric acid (§ 2383, 6), but if no 
quinin has as yet been detected, divide the residue into three 
portions, a, 6,¢,; examine @ and 6 for Bructn and VERA- 
TRIN, in the manner just stated, and ¢ for quinin, with 
chlorine water and ammonia. However, if brucin is pres 
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ent, dissolve ¢ in hydrochloric acid, add ammonia and 
ether, let the mixture stand for some time, evaporate the 
ethereal solution, and examine the residue for quinin. 

b. It does not dissolve, or at least not completely: pres- 
ence of srrYCHNIN, perhaps also of (quinin) brucin and ve- 
ratrin, Filter, and examine the filtrate for (QUININ) BRUCIN * 
and VERATRIN as directed in a. The identity of the pre- 
cipitate with strychnin is demonstrated by the reaction 
with sulphuric acid and potassium chromate (§ 281, 8). 

6. To the rest of the acidified solution which has been ex- 
hausted with ether, add more hydrochloric acid and boil for 
some time. If a precipitate is formed, the presence of saxicrin 
is indicated. Confirm by adding potassium chromate to the 
precipitated fluid and boiling (§ 236, 4) and by testing the orig 
inal substance with concentrated sulphuric acid (§ 236, 3). 


[Il. Drrecrion or THE ALKALOIDS AND oF DigITALIN AND 
Piororoxin IN PresENcE oF ExtracrivE AND CoLoRING 
VEGETABLE oR ANIMAL Marrers. 


The presence of mucilaginous, extractive,and coloring matters 
renders the detection of the alkaloids a task of considerable 
difticulty. These matters obscure the reactions so much that 
we are even unable to determine by a preliminary experiment 
whether the substance under examination contains alkaloids or 
not. 1 will now give several methods by means of which the 
separation of the alkaloids from such extraneous matters may 
be effected, and their detection made practicable. Which of 
these methods to select will depend upon the particular cir- 
cumstances of the case. 


1. Mernop or Stas* ror tHe Derecrion or Porsonous AL- 
-KALOIps (AND oF Diarratin anp Picroroxry), MopiFIeD BY J. 
Orro.t 
§ 241. 


Sras’s process depends upon the following facts: 
a. The acid salts of the alkaloids are soluble in water 
and alcohol. 

B. The normal and acid salts of the alkaloids are gene- 
rally insoluble in ether. Hence salts of the alkaloids do 
not usually pass into ethereal solution when the neutral or 
acid solution is shaken with ether, and hence also the alka- 


* Bull. de Académie de Médecine de la Belgique, 9, 304—Jahrb. f. prakt. 
Pharm., 24, 313—Jahresb. von LIEBIG u. Kopp, 1851, 640. 
Annal, der Chem, u, Pharm., 100, 44—Orro’s Anleit. zur Ausmittel, dez 
Gifte, 3 ed., 33, 
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loids pass into aqueous solution as acid sulphates when the 
ethereal solution of the pure alkaloid is shaken with dilute 
sulphurie acid. 

y- If aqueous solutions containing the normal or acid 
salts of alkaloids are mixed with caustic, carbonated or bi- 
carbonated alkalies, the alkaloids are liberated, and if now 
ether or amylic alcohol is added and the mixture is shaken, 
the pure alkaloids pass into solution in the latter fluid. 

It. will be evident from the following that there are certain 
exceptions to these general rules: 


a. If you have to look for alkaloids in the contents of a 
stomach or intestines, in food, or generally in pappy mat- 
ters, mix the substance with twice its weight of strong 
pure alcohol, and just enough tartaric acid to give a de- 
cided reaction, and warm to 70° or 75°. Allow to cool 
thoroughly, filter, and wash with strong pure alcohol. 

If you have to deal with the heart, liver, lungs, or 
similar orgwns, cut them into fine shreds, moisten 

_ with the acidified alcohol, squeeze, repeat the opera- 
ee till the substance is exhausted, and filter the mixed 
uids. 

6. Evaporate the alcoholic fluids at a rather low tem- 
perature. This may be done on a water-bath, keeping the 
water at about 80°. The solution under these circum- 
stances will not rise higher than 40° or 50°. If this tem- 
perature is considered too high, you may hasten the evapo- 
ration by blowing air across the surface of the solution. 
Sras considers that the temperature should not exceed 
35°; he therefore evaporates under a bell-glass over sul- 
phuric acid, with or without the aid of an air-pump, or in 
a retort with a current of air passing through it. Such ex- 
treine caution, however, is very rarely necessary; at all 
events, the principal bulk of the fluid may always be 
evaporated off on a gently heated water-bath. 

If insoluble substances separate on evaporation (fat, &c.), 
as indeed is usually the case, filter the now aqueous fluid 
through a moistened filter, and evaporate the filtrate and 
washings as above described to the consistence of an ex- 
tract. If no insoluble substances separate on evaporating 
the alcoholic fluid, you may, of course, at once evaporate 
to the consistence of an extract. — 

ce. To the residue left on evaporation, add gradually 
small portions of cold absolute alcohol, mix intimately, and 
finally add a large quantity of alcohol, in order to sepa- 
rate everything that can be ee by it. Filter the 
alcoholic extract through a filter moistened with alcohol, 
wash the residue with cold alcohol, evaporate the alcoholic. 
solution at a low temperature (see above), take up the resi- 
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due with a little water, neutralize the greater part of the 
free acid with dilute soda, leaving the solution distinctly 
acid, and shake with pure ether, free from alcohol and oil 
of wine (Orro). By the aid of a separating funnel, or an 
ordinary burette, separate the ether from the aqueous 
layer, and wash the Jatter agai and again with fresh 
ether, until the ether is no longer colored. The ether 
takes np besides coloring matters also picrotoain and digi- 
talin (and colchicin). ‘It is advisable to keep the first 
strongly colored ethereal extract apart from the subsequent 
ethereal washings, so that they may be examined separately 
(compare /). 

d. Warin the aqueous solution which has been separated 
from ether gently, to remove the dissolved ether, and add 
solution of soda cautiously, till the fluid gives a distinct, 
reaction with turmeric paper. The alkaloids are thus lib 
erated, morphin dissolving in the excess of soda. Shake 
the fluid with pure ether, and after half an hour or an 


hour, separate the two layers of fluid as in ¢ The ethe- 


real extract contains the whole of the alkaloids, except 
morphin, only a small part of which dissolves in it. The 
amount of morphin dissolved by the ether is the smaller 
the more completely the acidified aqueous solution was 
freed from dissolved ether, and the longer the time which 
was allowed to elapse between the shaking with ether and 
the separation of the two layers of fluid. Allow a portion 
of the ethereal extract to evaporate in a large watch glass, 
which should be heated to about 25° or 30° (to prevent 
condensation of water). If no residue remains, no alka- 
loid was dissolved in the ether; pass on tog. If a residue 
does remain, its appearance will give you some idea of the 
nature of the alkaloid: thus oily streaks, which gradually 
collect to a drop, and when gently warmed give an un- 

leasant. suffocating odor, would indicate a fluid, volatile 

ase: while again a solid residue, or a turbid fluid con- 


‘taining solid particles in suspension, would indicate @ non- 


volatile solid base. If the ethereal extract has left a resi 
due, repeat the treatment of the aqueous fluid with fresh 
supplies of ether, till a portion of the last ethereal wash- 
ings leaves no residue on evaporation. Allow the mixed 


ethereal extracts to evaporate in a small glass dish placed 


upon a bath containing water at about 30°, keeping the 
little dish filled up by the addition of fresh quantities. 

The aqueous fluid which contains the morphin is to be 
examined according to g. xtra 

e. If the acidified aqueous fluid in ¢ has been well ex- 
hausted with ether, on the evaporation of the ethereal ex- 
tract the alkaloids will remain in so pure a state, that the 
tests may be applied at once to the residue. If the residue 


ae SU 


by 
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consists of oily streaks or drops, complete the evaporation 
in a vacuum over sulphuric acid, in order to remove the 
remainder of the ether and ammonia, and then test for 
conin and nicotin, according to p. 848. If the residue is 
crystalline, examine it under the microscope, and then test 
it according to § 239 or § 240, unless the appearance of the 
crystals should indicate a particular alkaloid. If the res- 
idue consists of amorphous rings, dissolve it in absolute 
alcohol with the aid of a gentle heat, allow the solution to 
evaporate slowly, observe whether any crystals are thus 
formed, and then proceed as directed. 

JF. If, on the contrary, the acidified aqueous fluid in e 
has been insufficiently treated with ether, the residue ob- 
tained on the evaporation of the ethereal extract will not 
be pure enough to be tested at once. In this case dissolve 
it in water slightly acidified with sulphuric acid, filter if 
necessary, and shake repeatedly with ether (the ethereal 
solution may contain the remainder of the pzcrotoxin aud 
digitalin, and is to be treated like the ethereal soluticn 
obtained in ¢), mix the aqueous solution with potassa in 
good excess, and shake repeatedly with ether, as-prescribed 
ind. Allow the ethereal extracts to evaporate, and pro- 
ceed with the residue, thus purified, as in e;* mix the 
aqueous fluid, which may contain the remainder of the 
morphin, with the fluid obtained in d. 

g. The alkaline fluid obtained in d, or in d and f, which 
must contain the whole or the greater part of the morphin, 
is treated as follows :—Add hydrochloric acid to acid reac- 
tion, then ammonia in excess, then without delay pure 
amylie alcohol, and shake.t As morphin is decidedly 
more readily soluble in warm amylic¢ alcohol than in cold,. 
it is advisable to dip the flask in warm water. Separate: 
the two fluids by means of a funnel, and repeat the ex- 
traction with fresh quantities of amylic alcohol. Allow 
the amylic extracts to evaporate, and test the residue for 
morphin. If the residue is not pure enough, dissolve it in 


* As it appears that strychnin cannot be obtained pure in this way, FR. 
JANSSENS recommends (Zeitschr. f. anal. Chem., 4, 48) to mix the solution in: 
dilute tartaric acid containing foreign substances, with finely powdered sodium. 
bicarbonate, so that the fluid may be acidified with free carbonic acid only. 
If any precipitate is formed, this should be filtered off as quickly as possible. 
The strychnin is dissolved in the free carbonic acid, and will be precipitated 
by boiling the filtrate and partially evaporating it.. When it has been filtered 
off and washed, it is dissolved in a small quantity of dilute sulphuric acid 
(1: 200), potassium carbonate is added in excess, and the fluid is shaken with. 
six times its volume of ether, which is then poured off and allowed to evapo~- 

rate. 
‘+ STAS recommended ether only for the extraction of alkaloids, while L. 7. 
UsLAR and J. ERDMANN (Annal, d. Chem. u. Pharm., 120, 121, and 122, 361) 
prefer the use of amylic alcohol only. However, it is best to employ beth 
menstrua as directed in the text. 
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water acidified with sulphuric acid, filter, shake with warm 
amylic alcohol, mix the aqueous fluid with ammonia, and 
shake with amylic alcohol. On evaporating this amylic 
extract the morphin will remain pure. 

h. The ethereal extracts obtained in ¢, or in ¢ and f, 
have now to be tested for picrotoxin and digitalin. The 
extracts also contain coloring matters, which are princi- 
pally present in the first portions. It is therefore advisa- 
ble to evaporate the first portions apart from the lat- 
ter portions, and to examine the residues separately. | 

Warn them with water, and filter the solutions from 
the insoluble matter, which generally has a resinous char- 
acter. Ifthe solutions possess an acid reaction, neutral- 
ize with some precipitated chalk, evaporate cautiously to 
dryness, exhaust the residue with ether, allow the extract 
to evaporate, treat the residue again with water, and test 
the aqueous solution thus obtained for digitalin, picro- 
toxin, and traces of atropin, according to § 240,1. (In 
the presence of colchicin the aqueous solution would ap- 
pear yellow.) 


2. Meruops or prerectinc STRYCHNIN, BASED UPON THE UsE 
or CyLoRororM.* 


§ 2492. 
a. Leodgers’ and Girdwood’s Mrruop.t 


Digest the substance under examination with dilute hydro- 
chloric acid (1 part of acid to 10 parts of water) and filter ; 
evaporate the filtrate on the water-bath to dryness, extract the 
residue with spirit of wine, evaporate the solution, treat the 
residue with water, filter, supersaturate the filtrate with ammo- 
nia, add 15 grm. of chloroform, shake, transfer the chloroform 
to a dish, by means of a pipette, evaporate on the water-bath, 
moisten the residue with concentrated sulphuric acid, to effect 
carbonization of foreign organic matters, treat with water, after 
the lapse of several hours, then filter. Supersaturate the fil- 
trate again with ammonia, and shake it with about 4 grin. of 
chlorotorm. Repeat the same operation until the residue left 
upon the evaporation of the chloroform is no longer charred , 
by sulphuric acid. Transfer the chloroform solution, which 
leaves a pure residue, drop by drop, by means of a capillary 


* These methods are no doubt useful also for effecting the separation of 
other alkaloids; however, the Geportment of the latter with chloroform has 
not yet been sufficiently studied, 
ee Ligepie and Kopr’s Jahresbericht, 1857, 603. Pharm. Journ. Trans., 16, 
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tube, to the same spot on a heated porcelain dish, letting it 
evaporate, then test the residue with sulphuric acid and potas. 
sium chromate. Roperrs and Girpwoop succeeded in detect- 
ing by this method so small a quantity of strychnin as the 
svov Of a grain. 


6. Meruop RECOMMENDED BY /. Prollius.* 


Boil twice with spirit of wine, mixed with some tartaric acid, 
evaporate at a gentle heat, filter the residuary aqueous solution 
through a moistened filter, add ammonia in slight excess, then 
abont 14 grm. chloroform, shake, free the deposited chloro- 
form thoroughly from the ley, by decanting and shaking with 
water, mix the chloroform so purified with 8 parts of spirit of 
wine, and let the fluid evaporate. If there is any notable 
quantity of strychnin present, it is obtained in crystals. 


¢, Mrernop recommMenvep By 22, P. Thomas.t 


Acidify slightly with pure acetic acidt (sp. gr. 1:04), and di 
gest for several hours at a gentle heat, then strain, press, filter, 
add potassa in good excess, and shake with chloroform. Sep- 
arate the chloroform, wash it from potassa, and evaporate ; the 

trychnin will be found in the residue. The morphin remains 
in the potassa, and may be precipitated gradually by ammo- 
nium chloride. 


3. Mrruop oF EFFECTING THE DetTEcTION oF SrRYCHNIN IN REER, 


BY Graham and A. W. Hofmann.§ 
§ 243. 


This method, which is based on the known fact that a solution 
of a salt of strychnin, when mixed and shaken with animal 
charcoal, yields its strychnin to the charcoal, will undoubtedly 
be found applicable also for the detection of other alkalcids. 
The process is conducted as follows :— 

Shake 38U grm. animal charcoal in 1 litre of the aqueous neu- 
tral or feebly acid fluid under examination; let the mixture 
stand for from 12 to 24 hours, with occasional shaking, filter, 
wash the charcoal twice with water, then boil for half an hour 
with 120 ¢.e. of alcohol of 80-90 per cent., avoiding loss of al- 


* Chem. Centralbl., 1857, 231. 

+ Zeitschr. f. anal. Chem., 1,517. This method includes the detection of 
morphin. 

¢ Acetic acid is recommended, as it also dissolves the tannates of strychnin 
and morphin., 

§ Chem. Soc. Quart. Journ., 5, 173, 
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cohol by evaporation. Filter the alcohol hot from the charcoal, 
and distil the filtrate; add a few drops of solution of potassa to 
the residual watery fluid, shake with ether, let the mixture stand 
at rest, then decant the supernatant ether. The ethereal fluid 
leaves, upon spontaneous evaporation, the strychnin in a state of 
sufficient purity to admit of its further examination by re- 
agents. ; 

Macapam* employed the same method in his numerous ex- 
eriments to detect strychnin in the bodies of dead animals. 
Ie treated the comminuted matters with a dilute aqueous soln- 

tion of oxalic acid in the cold, filtered through muslin, washed 
with water, heated to boiling, filtered still warm, from the coag- 
ulated albuminous matters, shook with charcoal, and proceeded 
in the manner just described. According to his statements, the 
residue left by the evaporation of the alcoholic solution was 
generally at once fit to be tested for strychnin. Where it was 
uot so, he treated the residue again with solution of oxalic acid, 
and repeated the process with animal charcoal. 


4. SEPARATION BY DIALYSIS. 
§ 244. 


The dialytic method devised by Granam, and described in 
§ 8, may also be advantageously employed to effect the separa- 
tion of alkaloids from the contents of the stomach, intestines, 
&e. Acidify with hydrochloric acid, and place the ‘matter in 
the dialyser. The alkaloids, being crystalloids, penetrate the 
membrane, and are found, for the greater part, hear 24 hours, 
in the outer fluid; from this they may, then, according to cir- 
cumstances, either be thrown down at once, after concentration 
by evaporation ; or they may be purified by one of the above 
described methods. 


IL. 


GENERAL PLAN oF THE ORDER IN WHICH SUBSTANCES SHOULD BE 
ANALYZED FOR PRAOCTIOR. 


§ O45. 


It is not a matter of indifference whether the student, in an- 
alyzing for the sake of practice, follows no rule or order what- 
ever in the selection of the substances which he intends to an- 
alyze, or whether, on the contrary, his investigations and experi- 
ments proceed systematically. Many ways, indeed, may lead 
to the desired end, but one of them will invariably prove the 
shortest. I will, therefore, here point out a course which ex 


* Pharm, Journ. Trans., 16, 120, 160. 
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perience has shown to lead safely and speedily to the attain- 
ment of the object in view. og 

Let the student take 100 compounds, systematically arranged 
(see below), and let him analyze these compounds successively 
in the order in which they are placed. A careful and diligent 
examination of these will be amply sufficient to impart to: him 
the necessary degree of skill in practical analysis. When 
analyzing for the sake of practice only, the student must above 
all things possess the means of verifying the results obtained by 
his experiments. The compounds to be examined ought, 
therefore, to be mixed for him by a friend who knows their 
exact composition. 


A. From 1 to 20. 


AQUEOUS SOLUTIONS OF SIMPLE SALTS: ¢@g., sodium sul- 
phate, calcium nitrate, cupric chioride, &e. These investiga- 
tions will serve to teach the student the method of analyzing 
substances soluble in water which contain but one metal. In 
these examples it is only intended to ascertain what metal is 
present in the fluid under examination ; but neither the detec- 
tion of the acid, nor the proof of the absence of all other metals 
besides the one detected, is required. 


B. From 21 to 50. 


SALTS, ETC., CONTAINING ONE METAL AND ONE ACID, OR ONE 
METAL AND ONE METALLorD (in form of powder): e.g., barium 
carbonate, sodium borate, calcium phosphate, arsenious oxide, 
sodium chloride, hydrogen potassium tartrate, cupric acetate, 
barium sulphate, lead chloride, &c. These analyses will 
serve to teach the student how to make a preliminary exami- 
nation of a solid substance, by heating in a tube or before 
the blowpipe; how to convert it into a proper form for analy- 
sis, 2.¢., how to dissolve or decompose it; how to detect one 
metal, even in substances ¢nsoluble in water; and how to de- 
monstrate the presence of one acid. The detection of both the 
metal and the acid is required, but it is not necessary to prove 
that no other bodies are present. . 


C. From 51 to 65. 


AQUEOUS OR ACID SOLUTIONS OF SEVERAL METALS. These inves- 
tigations will serve to teach the student the method of separat- 
ing and distinguishing several metals from each other. The 
proof is required that no other bases are present besides those 
detected. No regard is paid to the acids. 


D. From 66 to 80. 


Dry MIxTuRES OF EVERY DEscriIprion. «A portion of the salts 
_ should be organic, another inorganic ; a portion of the com- 
peunds soluble in water or hydrochloric acid, another insoluble ; 
é.g-, mixtures of sodium chloride, calcium carbonate, and cuprie 
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oxide ;—of magnesium ammonium phosphate, and arsenioua 
oxide ;—of calcium tartrate, calcium oxalate, and barium sul- 
phate ;—of sodium phosphate, ammonium nitrate, and potassium 
acetate, &e. 

These investigations will serve to teach the student how tc 
treat mixtures of different substances with solvents; how to de- 
tect several acids in presence of each other; how to detect the 
bases in presence of phosphates of the alkali-earth metals ;— 
and they will serve as a general introduction to scientific anc 
practical analysis. All the component parts must be detected 
and the nature of the substance ascertained. 


E. From 81 to 100, 


NAtrvE COMPOUNDS, ARTICLES OF COMMERCE, &c. Mineral and 
other waters, minerals of every description, soils, potash, soda, 
alloys, colors, &c. 


Aids 


Rucorp oF THE Resutts oF THE ANALYSES PERFORMED FOR 
Pracricr. 


§ 246. 


The manner in which the results of analytical investigations 
ought to be recorded is not a matter of indifference. The fol- 
lowing examples will serve to illustrate the method which I 
have fonad the most suitable in this respect. 


Puan or Recorpine tHE Resutts or Exprertments, Nos. 1-20. 


Colorless fluid of neutral reaction. 


Hol Hs | (NH),8 | WH), CO, 
no precipitate, no precipitate,no precipitate, and N H, Cl 
consequently no no Pb no Ke” _—_|a white precipitate, 
Ag “ Ho” * Mn consequently ei- 
He’, re on “Ni ther ba, Sr, or 
z «i “« Co Ca, no precipi- 
; “ Cd “Zn tate by solution 
of CaS O,, con- 
ae “ Al sequently oaL- 
“ Sb «ce Cr'¥ CIUM. ! 
ae Confirmation by 
eed 
“Pt 
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Pian or Recorpine tHE Resutts or Experments, Nos. 21-50. 


White powder, fusing in the water of crystallization upon ap- 
plication of heat, then remaining unaltered—soluble in 
water—reaction neutral. 


HCl | H,8 NH,S (N H,), C O, | H Na, PO, and 
no ppt.|no ppt.| no ppt. | and HN, Cl N HOH 
no ppt. a white ppt. 
consequently 
MAGNESIUM. 


The detected base being Mg, and the analyzed substance being 
soluble in water, the acid radical can only be Cl, I, Br, H,, $O,, 
the preliminary examination having proved the absence of the 
organic acids and of nitric acid. 

Ba Cl, produces a white precipitate, which H Cl fails to dis- 
solve ; ecrsequently sULPHURIC ACID. 


[§ 246, 
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NOTES TO TABLE OF SOLUBILITY. (See next page.) 


. Aluminium ammonium sulphate. W. 

. Aluminium potassium sulphate. W. 

Ammonium arsenic chloride. W. 

. Ammonium platinie chloride. W—I. 

. Ammonium sodium phosphate. W. 

. Ammonium magnesium phosphate, A. 

. Ammonium ferrons sulphate. W. 

- Ammonium cupric sulphate. W. 

. Ammonium potassium tartrate. “W. 

. Antimony oxychloride. A. 

. Antimony oxide. Soluble in H Cl, not in HN O,. 

. Antimony sulphide. Soluble in hot HCl, slightiy in 
HNO 


eee 
WF OOHNAeNE WH 


. Antimony potassium tartrate. W. 

. Bismuth oxychloride. A. 

- Bismuth basic nitrate. A. 

- Calcium sulphantimonate. W—A. 

. Chromic potassium sulphate. W. 

. Cobalt sulphide. Easily soluble in H N 0, very slowly in 

HCl. 

. lron (ferric) potassium tartrate. W. 

. Manganese dioxide. Soluble in H Cl, insoluble in H N O,. 

. Mercurius solubilis Hahnemanni. A. 

3. Mercurarmmonium chloride. A, 

24. Mercuric sulphate basic. A. 

25. Mereuric sulphide. Insoluble m HCl and in HN O,. 
Soluble in aqua regia. 

26. Nickel sulphide, see cobalt sulphide. 

28. Potassium platinic chloride. W—A. 

29. Silver sulphide. Only soluble in H N O,. 

80. Tin sulphides. Soluble in hot HCl. Oxidized, not dis- 
solved by HN O,. Sublimed stannie sulphide only solu- 
ble in aqua regia. 

31. Zinc sulphide. Easily in H N O,, with difficulty in 1 Cl. 

Gold sulphide. Insoluble in H Cland in HN O,. Solu- 
ble in aqua regia. 
Gold bromide, chloride, and cyanide. w; iodide. a. 

- Platinic sulphide. Insoluble in II Cl, slightly soluble in 

hot HN O,. Soluble in aqua regia. 

 Platinie br omide, chloride, and eyanide, nitrate, oxalate, and 

sulphate. w; oxide. a ; iodide. i, 


ft bh bet pet pet 
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W or w—soluble in water. A or a—insolubie in water, soluble in acids (HCl, HN 9; and 
soluble in acids. W—I—-sparingly soluble in water and acids. A—I—insoluble in water, sparingly 
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e128 18) ete) Be eee 
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fad od ea Se a i eee 
Roulabie st aye W Ww w Ww a pee: w ie a Wl 
Arseniate.. a Ww a a a a a a a a a a 
Arsenite... w a a a a A a a 
Benzoate..| w Ww Ww . Ww w a w | a 
Borate....] % Ww a a |w—al a a a a a a 
Bromide...| w W | w—al}] wi | w—-al w w w&i|wiwfs]wiw 
Carbonate.| a WwW A A a A a A A Ala 
Chlorate . Ww W w w w w w w w iw 
Chloride...) w | Ws.s ;W—Aio) W |W—Aius! W W {Well wi wiw iw. 
Chromate. . Ww a a a a | w—a a ee: w w 
Citrate....] w w a a | w—a w Ww w w i W 
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aqua regia). I or i—insoluble in water and acids. W—A—-sparingly soluble in water, but 
soluble in acids. Capitals indicate common substances ; small figures refer to notes, p. 425, 
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APPENDIX V.—ANALYTICAL TABLES. 


The following tables are a useful Synopsis of the Analytical 
Course for detecting metals. The beginner may study them as 
an aid in mastering the Scheme of Analysis, but only the more 
experienced analyst can profitably substitute them for the de- 
tailed instructions of the text, as an assistance to the memory 
in the execution of analyses.—LEprror. . 


Tables for the Detection of Metals in Solutions. 
Table I., Separation into Groups. 
Table IL., for Group V., 1st Division. 
Table IIL., for Group V., 2d Division, and Group VI. 


Table ry. for Groups IV. and III.; when Phosphates, Borates, 
&c., are absent. 


Table V., for Groups IV. and III., when Phosphates, Borates, 
&c., are present. 


Table VI., for Group IL. 
Table VIL. for Group I 


§ 248.| ANALYTICAL TABLES. GROUPING OF METALS. 429 
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